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PREEFACE

In 1973 the Air Force initiated an advanced development project
withln the Electronics Systens (ommhand (AFSC/ESD) to acquire anag
apply the 1S0US Project (uUniversity of Michigan) froblem
statement Language/ ¢Problem Statement Analyzer (PSL/PSA) to ESUL
rejuirements anaiysis needs. The Alr Fource version of PSL/PSA
was accepted by ESD in 1974 ana was called the User kequirements
Language/User Requirements Analyzer (URL/URA)¥, In 1%75 Logicon
pertormed an evaluation for the ESD Joint Survelllance System
(JSS) program oftice on the applicability of URL/URA as a tool
for both tne analysis ot JSS requirements and the design of tn=e
JSS. ASs a result of tne JSS study, Logicon began (o use URL/URA
in 1ts systena englneering support role to JS5 and is continuing
the use of the tool in the development phase of tne JSS at this
time,

During the past five yedars Logicon has broadened 1ts experience
using URL/URA, Additional studlies, applications, and training
programs for industry and government have been performed. A
formalized approach has been developed by Loygicon tor applying
URL/URA and Logicon has extended URL/URA under contract to the
Alr Force. In addition, GLogicon has independently translated ana
installed URL/URA and the Loglcon extensions and moalfications on
the Loglcon VAX 117780 system 1in Lexington, MA, Additiocnal
extensions for such applications as automated specification
documentation generation from the URL/URA data pases have been
aeveloped and applied to new projects within the'p§ét year.,

This gulidepook was developed under contract to the U,S. Army
Computer Systems Command (USACSC), Army Institute tor Research 1In
Management Intormation and Computer Science (ALRMICS), It is the
second of a twoe volume report tor USACSC and has been prepared to
aid the systems requirements definition and andlysis oprocess
{requirements engineering) witnin USACSC. =~ Guldelines ana
standards for requirements engineering and tne use o0t PSL/PSA are
presented in this guidebook.

. D D W ) s D s e R W W e e

¥ URL/UKA was also previously called the Coaputer~Aided
kequirements Anulyzer (CARA) by the Alr fForce, URL/URA 15
currently reterred to as the Computer-Aficed Design,sSpecification,
and Anaslysis Tool (CADSAYT) by the Alr torce,
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SECILIIN 1 INTROLUCILLIUON

1.1 Purpose

this requirements engineering guildevook proviaes Qquidance and
stanaoaras for aetining 4ana analyzing the requlrepents ftor a
system wusing an automated tool (PSL/PSA). Inis guideboox
acaresses the modeling of the functidnal requirements of 4 systen
(logical modeling) durilng the 1initial phases Of a system
dacquisition, the definition phase. The guldance can be appliea
to large~scale as well as smaller, less conplex systems and <can
pe used in various acquisition environments.

1.2 Scope

I'hi1s guidebook is compatable witn modern structured approaches to
requirements definition and analysis and proviaes guinance on the
selected use of PSL/PSA. Reterences to documentation on various
modern structured approaches and to PSL/PSA ere provided. Ihe
user of this guidebook may tollow the approach presented herein
or tailor the approach to emphasize a particular teatuye of any
of the modern structured analysis methods cited in Appendix A.

1.3 Detftinitions

1.3.1 System

A comnposite of items, assenblies, skills, and technigues capavole
of performing and/or supporting a using organizations” needs. A
conplete systew includes related facilities, items, omaterial,
services, and personnel required for its operation to the degree
that it can be considered a self-sufficient item in its intended
use.

l1.3.2 Fequirenents tngineering

Fequirements Englneering (s an lterative process ot defining the
system requirements and = analyzing the lintegrity of the
requirements, This process involves all areas of system
development preceding tne actual design of tne system. The
products of the requirements engineering process cah pe evaluatea
tor completeness, consistency, testability, and traceabilty. fhe
essential goal of reguirements engineering {s to thorougnly
evaluate the needs which the systen nust satisfy.

A L
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l1.3.3 Uuallty Requirements

The tern “quality requirements” 1s used throughout this qguldeuoc~
to jenote system reguirements whicn are complete, consistent,
testable, and tr4iceable. Thils characterlstic is the result of
the requirements beilng discretely jdentlfled and well-organizea
as discussed in the sections to follow.

1.4 Contents

The remainder of thls guidebook consists of three sectlions and
tour appendices, as follows:

Section 2 - Quality Requirements Characteristics: Provides
a description of the two requirements characteristics:
discrete and well organized. This discussion ls followead bv
a description of three forms of well-organized requirements:
hierarchical structures, system flows, ana requirements
traceaoility. )

Section 3 -~ Structured Approaches and Automated Tools:
Briefly describes the trend in structured analysis
approaches and the use of an automated tool, PSL/PSA, The
utility of PSL/PSA as a réequirements engineering tool is
presented along with the various versions of PSL/PSA.

Section 4 - Requirements Engineering Procedures: Provides
the procedural framework for defining and analyzing system
requirements., The procedures consist of fifteen activities
which are explained in functional terms: namely, activities
to be performed by requirements engineers. The language and
report features of PSL/PSA which support each activity are
presented, o )

Appendix A =~ Selected References: Provlides a 1list of
references primarily consisting of structured approacnes to
requirements englneering and references of the pertinent
versions of PSL/PSA. )

Apvpendix B8 = Selected Language Features: Provides a
condensed list ot PSL  features wnich support the
requirements engineering activitlies presented in Secticn 4.
Cross references are provided to Section ¢ and to the
various versions of PSL.

Appendix C = Analyzer Reports: Provides a 1list of PSA
reports which support the requirements engineering
activities presented in Section 4. Crosz reterences are
provided to Section 4 and to the varlous versions of PSA.
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Appendix D = Example Anatyzer Heports: provides examples
in Apperndix C.

some ot tne PSA reports

dqescribed
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SECTION 2 GUALLITY REQULIREMENTS CHARACTERLILILICYD

2.1 introduction

uuallty requirements are jepenagent upon tne anglyst first
identifying the alscrete requirements of ¢the systein ana tnen
0rganizing these requirements in effective ways for furtner

analysis, 1he resulting organization is often recerrea to as 4
functional or l1logical model, wnere the objects 1in the inodel and
their relationsnips to eacnh other provide a comprepnensiva

description'(specification) 0of the user needs.

Initial documentation for ldentltying the user’s systeii
requirements may include early planning documents and
specifications for similar systems, for system 1nterfaces, cnu
for existing or previously detined subsystems. In addition,
documentation derived from engineering studies and prototyping or
experimental test systems may be avallable, If tne engineering
activities have advanced beyond the planning and study stage,
specification documents may have already oeen developed. These
early requirements documents usually  have one prevailing
characteristic: The system reqguirements are not typically
distinguisned (discrete) or collectively defined
(well-organized). =

2.2 Discrete Requirements

Figure 1 {lluystrates the first <characteristic of quality
reguirements: discreteness. The key to ldentitying discrete
requirements 1s to break the user needs 1into individual parts
(objects) whicn represent non=-overlapping requirements. ©Dlilscrete
requirements include system objects (functions, external and
internal 1inputs and outputs, etc.) and propertles (statements
apout the onjects) such as constraints and descriptions. At this
puint missing or incomplete requlirements can be more readily
laentifiedu, fnis ltemization and categorization ¢t reguirements
introduces clarlty, whereas the sources ot the reguirements may
be overstated, ambiquous, redundant, incomplete, any
inconslistent. This process of 1itemization also provides tnhe
basis for verifying the gquality of the reguirements and ftor
assessing the ability to test the requirements in the taryet
system,
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2.3 Urganization ot Requirenents

the seconug characteristic of a good st@tement 0t reguirements is
the arrangement of the Trequirements 1In etffectlve ways for
adoitiondal andalysis and tor communicating these regulirements to
the uslny agencCy and to desigp engineers. T[he identification of
discrete requirements provides some awdareness of omissions and
gdaps {n the requirements, Thls awarene:ns 1is further neightened
py organizing the requirements 1n ways whicnh 1dentity all the
relationsnips among the discrete reguirements (fFigure 1). These
relationships are of three types: hierarcnical organizational
relationsnhips, systen flow relationsnips, and reguirements
traceability relationsnips. The tollowing paragraphs discuss
these relationships. o

2.3.1 Hierarchical Organizational Relationsnips

Hierarchical organizational relationships are shown by
structuring the discrete functions and ‘"tne information
requirements (external and internal inputs ana outputs) of tne
system into nierarchical structures, The concept ot a functlional
hierarchical structure (Figure ¢) was introduced 1nto military
systems development tnrough initial systems engineering practices
dating back to the 1940s. Tnls concept has been Mmaintained in
miiitary systems development and documentation throughout the
1960s and is an integral part of the current military standaras
for system documentation, 4i.e., DoD Standard 7Y35.1=$ [1} and
MIL=-STD=490 [2). This form of organization provides a view of
the system as an aggregate of functions oroken into a logical
arrangement of subordinate discrete activities wnicnh must ve
performed., Over the course of requirements engineering many
missing or incomplete functions can pbe directly identified fronm
the functional hierarchical structure, ‘

The discrete system inputs, outputs (external 1/0) ana the
internal 1nformation requirements (internal I/0) necessary for
tne system®s operation can be similarly structured (data
structures). Tne exphasis aaain 1{s the arrandement of the
intormation reguirements into hierarcnpical structures oy creaking
the information 1into 1logical subordinate parts or grouplings
(Figure 3). A well=organized data structure is effective in
communicating tne intormation requirements and tor identitying
incomplete or nissing information reguirements.

WO e e e —— —.—ﬂ—,
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2.3.2 Systen fFlow Relationsnips

System flow relationships can be snown by organizing the discrete
reguirements 1n terms of control flos (Flgure 4) and information
tlow (Figure 5). As the functions of the system are defined, tne
control relationships vetween them can also pe detinea, These
control relationships describe the loylcal order 1n whicn the
system activities should be accofplished to satisfy tne system
mission and operational requirements. Conaitions which determine
the flow diraction when two oOr more branches OCcur are also
represented., Control=-flow analysis provides a means of viewing
the system from an activity-oriented perspective and is often
referred to as functional-flow anpalysis. As a result of this
analysis the requirements are viewed in a well~-organized manner
ana missing or incomplete functlons and relationships between the
tunctions are ldentified, Final <control-flow documentatiaon
becomes another effective means  for communicating system
requirements to design engineers, T

OUn the other hand, the information-flow analysls (Figure §5)
builds upon the I/0 hierarchical structure (Figure 3) by
providing a means of viewlng tnhe system as 4an information
processing system. During this analysis the flow relationships
between external system inputs and resulting outputs are
identified, Quite often the most effective means of performing
information=flow analysis is to trace an output back to systen
inputs, either external data, messages, or stimuli., As a result
of this analysis the relationsnips between tne associated
functions and the internal information necessary to support the
derivation of the output are identifled.

Control=flow and information=flow analysis will identify
necessary changes and additions to prevlously defined functions
and constraints as well as to the nhierarchial structures and
other previously defined relationships. M15sing or incomplete
reguirements can be determined and the deficlencles corrected,

Requirements engineering for systems which are primarily activity
oriented may emphasize control=flow analysis over
information~flow analvysis. Other systems may be primarily
information processing oriented and, theretore, tne requirements
engineering activities may concentrate more on information-flow
analysis rather than control-flow analysls. In eltner case, botn
torms of analysls are involved in a total system detinition.
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2.3.3 Regultements Traceabilty kKelatjonsnips

taentitlicatlon of system traceability relatfonsnips L5 anotner
efrective means ot identiftying 1incomplete, unnecessary and
missing Trequlrements. buring the requirenments enhglineering
activities, source docunents ave referenced for eacnh requirement
identitied. Requirements traceability analysis provides the
analyst with a means of verifying tne regulirements by 1linking
each requirement to all forms of source documentation. These
1i1nks, in the form of source reterences (sources), provide a link
petween the reguirements trom one set ‘of system reguireaments
(originating requirements) to the allocatea requirements
contained in the next level of the wnodeling or specification
process using additional references (traces). For instance, in
poD Standard 7935.1=5 the requirements may bpe tracec from one
nijher level specification to another such as frow the FD to 55,
Ss to PS etc,, or in MIL=-STD=-4%0 from Type A to TIype B8
specifications. Relationships can also be detined to other
pertinent studies, analyses, and plans whicn are peing
accomplished concurrently witn the reguirements englneering
activities, such as program managewent directives and plans,
system sizing and timing studies, prototyping, simulations, test
planning and the 1like, System test reguirements (quality
assurance), as well as subsequent test plans, procedures, ana
reports, can be effectively related to tne functiohgl
specification (originating requlrements). The links to
associlated system plans, analyses, and studies acconmplished prior
to, during and subsequent to the start of tormal requirements
engineering are cruclial to the overall systems engineering
concept. The traceablility relationships also provide a bridge
petween requirements engineering activities and subsequent design
and implementing activities, since the requirements can be traced
from higher 1eve1'funct10nal (logical) specifications to design
specifications, to product specifications, and to system test
plans and procedures during the later phases 0f the systea
acquisition. ’ ’

Throughout the system enjineering activities, the anpalysts must
be able to evaluate the impact of changes to the requirements.
wnatever the reason (policy, economics, stuay or analysis
results, new or modified regquirements), the analyst must be in a
position to determine tha ramifications of cnanges to the systen
regyuiremnents as stated in various levels of specitication. OUnce
the area of impact is identified in the requirements engineering
products (functional and 1/0 hierarchies, control and information
flows, etc,) the traceability relationships defined during the
previous requirements engineering activities (sources and traces)
provide the capability to readily lidentify assoclated impacts to
various parts of the system functional specificétlon (logical
model) and to trace the {impacts to all other associated
documentation: program directives, plans, studies and analyses,
test plans and procedures, and gllocated specltic§t10ns (design

g e AR
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ana  product specltications), The tmpact can pe readlly analyzed
ana the appropriate actions taken.

2.4 Summary

Discrete and well-organized reguirements support the primary goal
of defining the operational needs of the using activity while
giving the analyst visibility and control over the system
functional definition (loyical modeling) process. Discrete and
well-organized requirements areé prerequisities for the creation
of good functional, design, and product specificatlons, ’
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~ SECT10N 3 STRUCIUAKED APPRUACHES AND AUTOMATEDL TOOLS

3.1 Structured Approaches

In recent years a great amount of research ana applications have
been concentrated on techniques for defining, analyzinq, ana
documenting the requirements for systems, Most of these
tecnhniques include the term “structured” and are primarily manual
tecnniques (141, (151, (té1, (17}, (18), (19}, 120},  Some
structured technigques do address the use of computer alds as a
means of malntaining the reguirements and proaducing documentation
during the modeling process. The computer data bases are
maintained either manually or by automated tools, and, are
generally referred to as data dictionaries, ‘ ’

3.2 ISDOS Project = PSL/PSA

The University of Michigan®s ISDUS Project opegan in 1968 to
develop a more advanced computer-aided tool called the Problem
~ Statement Language/ Problen Statement Analyzer (PSL/PSA).
PSL/PSA 1s a more sophisticated data dictionary tool ahich
provides the capability to record 1in anh English-il1ke language
(PSL) the various objects (functions , inputs, outputs, etc.) of
a system being defined (the target system) and r-iationships
between the objects (nierarchy, flow, etc.,). 1nhe objects and
relationships are maintained in a computer data Dbase called a
requirements data base or PSL/PSA aata base. Tne requirements
data base can be used by the analyzer (PSA) to generate various
reports about the target system such as hierarchical structures
(functional and data), system flow (control and intormation) and
many others. ' ’

Since the early 1970s, PSL/PSA has been applied by a large number
ot users with varying degrees ot success. Althougn the tool 1is a
very sophisticated software tool, there {s no recommended
approach for using it 1n developing logical models. Tnis may oe
Ade in part to the research and udevelooment nature ot the 1ShOS
rroject or posslbly a4 greater deslre to mnake tne tool a more
general purpose product and thereby attract a larger nunber of
PSL/P5A  users. Many of the desired capabllities of the
structured approaches being practiced today are not easlily
satisfied using PSL/PSA. Studies of PSL/PSA fOr large systems
definitions nave documented the need for improvements and sone
improvements have been incorporated in new versions (3),(4].
Somne of tnese improvements have been made as part of the 1800S

—~ Project and some have bpeeén nade independently by various PSL/PSA
users to meet specific modeling needs L5,

o
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3.3 uUtility of ESL/PLA

various versions of PSL/PSA are currently being used 1n {noustry
andg in government agencies as indicated bpelow,

(3.2) URL/URA (CARA OR CADSAT), an Alr Force version of
PSL/PSA, Unliversity of Michigan (ISDOS Project), 1974 (6} (7).

(3.2X) 3.2 plus extensions and modifications made by Logicon
inc. for the Air Force, 1976 I(S].

(4.2) PSL/PSA version avallable from the Uuniversity of
Michigan (1SDOS Project), 1977~1976 (8), (9J), [1lU).

(5.1) Most recent version of PSL/PSA avallable from the
university of Michigan (LSDOS Project), 1978=-1v79 (11}, (12],
(13]). ' T

Altnhough new versions, specifically 5.1, do include some
recommendations made 1In various studles and by the 1SD0OS users
group, the baslc core capabilities of the tool are available {in
the earlier releases such as the Air Force’s version, URL/URA.

Learning the features of PSL/PSA as a software system alone
(i.e., learning to wuse tne language and reports) is in itself
time consuming. The new user may become generally proficient 1in
one to six months depenaling upon his experience with
computer~aided techniques and the quality of avgil@ble tralning
ang training documentation, DOCUmentatlon “on the tool, which
varies in quality, 1s generally for reference purposes and the
size and presentation of the material is most often perplexing to
the néw user. The new PSL/PSA  user will often wonder why a
language or report feature is available and also which ones are
best suited to his needs. )

Even after the tool features are reasonaoly understood, the new
user must tnen determine the best approach to applying the tool
to his requirements engineering problem, Since there are
numerous structured approaches being expounded, the user nust
cope with the additional prosblem of Jjetermining whicn structured
approach 1is best sulted to his requirements engineering problenm,
It the new user is unfamiliar with any structured ‘approach, he
must become familiar «~ith the new analysis tecnniques, The
perplexities of the new user can oe threefold: ~ (1) learning
PSL/PSA, 2) learning ands/or determining whilch structured
approach to apply, (3) and most {mportantly =~ defining and
analyzing the target system,
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3.4 (Quldelines tor Keyulrements tngineeriny using PLL/PSA

In1S guidebook has been prepareds ty 4assist the néw user ot
PSL/PSA  in  applyiny the to0l 1in @& productive manner to tne
10glcal modeling ot a taryget system. This metnodology was first
documented 4as part of Loglico: ‘s final technical report for tne
RALDC Regulrements Standards Stua, (KS3) 13}. The KOS provided an
approach to requirements definition and analysis and among other
study results provided a description ot the functional
capanilities of automated regulrements analysis tools.

Tne juidance provlided in this guiaebook 1s 1Intendeada to aid the
new as well as the experienced POL/PSA user by providing a
structured approach to the logical modeling process and to
ldentify the current features of PSL/PSA which are best sulted to
the logical modeling activities described. The user is expected
to use the references 1in appendices, especially those tor the
version of PSL/PSA peiny employed, for more detailed examples of
the language and report features of PSL/PSA,., The intent of tnis
guidebook 1s to provide the framework for requirements
enjineering and an overview of the utility of PSL/PSA to support
the logical modeling process,
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SECTLON 4 REJULREMENTYS ENGINEERING PRUCHEULURE DS

4,1 Introduction

The use of PSL/PSA must ©be restricted by a particular
requirements engineering approach. A poorly defined or
inacequate approach will result in cortly and lnadeguate results.
Conversely a well defined apbroach enhancea tnrougn utilization
ot selective features of a tool sucn as PSL/PSA wlil result 1n
specificatlons of consistently higher quality. A well=agefined
approach and selected use PSL/PSA 45 presented in tnis guidebook
is strongly advised.

rReguirements engineeringy 1is the method wused to derive and
document gquality system requirements. Requirements engineering
as used in this guiagdeboo< (s defined as followss:

Requirewments Engineering 1s an 1iterative process of
detining the system requlrements and analyzing the
integrity of the requirements. This process involves all
areas o0f system development preceding the actual desiygn of
the system, The products of the requirements engineering
process can be evaluated for completeness, consistency,
testability, and traceability. The essential goal of
reguirements engineering is to thoroughly éevaluate tne

"needs which tne system must satisfy. Rgduirements
engineering 1is principally concerned with the initial
phases of tne system acquisition life <cycle; i1,e., the

definition phase.

Requirements engineering begins py identifying system boundarles
and defining the system in terms of functional and constraint
reguiremrants. A functional requireanent (function) is the
statement of a need shicnh must pe fulfillea; a constraint
regquirement is a restriction on the function(s) whlcn allows a
solution to pe derived, Constraints fall 1into one of the
categeories as illustrat-1 in !apble 1,

in performing reguirements engineering, tunctions and thelir
constraints as well As other regquirements described in this
section are extracted froin s0urce documnents, These reguirements
can then be organized 1nto hilerarchical structures whilch reveal
gaps which may be hidden ©vy the overlapping and confusing
statements of the original sources. “Control ana
intormation=-flows can also he explicitly defined to make the
function=-to-function ana function-to-system ddta interactions
visipole, Finally, reguirements can be traced from ortylnating
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Table 1.

Systoem Requircment Types

SYSTEM
REQUIREMENTS

FUNCTIONAL
REQUIREMENTS

(functions)

as a whole.

The set of discrete functions which
identify the pure design free or

solution independent needs of the system
The functional requirements
identify what must be accomplished while
avoiding solution statements or overtones.

CONSTRAINT
REQUIREMENTS

(Constraints)

PERFORMANCE

PHYSICAL

OPERABILITY

TEST

DESIGN

How well the system
functions must be
accomplished,such as
timeliness and accuracy.
Also called performance
characteristics,
MIL-STD-490.

Influences the design
solution in a physical
manner: power, size,
weight, environment,
human factors, existing
system interfaces, GFP,
etc. Also called
Physical Characteris-
tics, MIL-STD-490.

-Reliabiltity, maintain-

ability, availability,
dependability.

Identify the functional,
performance, physical,
operability, and

design requirements
which will be evaluated
during system integra-
tion and test.

The minimum or essen-
tial design and
construction require-
ments which are a
constraint on the
functional require-
ments of the system
during the design and
construction of the
system end-items
(CIs/ CPCIs). Also
called Design and
Construction, MIL-STD-
490.

PToTeT
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source aocuments tnrough various levels of system speclficatlons
to verity that dll requirements hdave oeen dillocated and
1mplemented in the delivered systemn,

As stated In the definition above, requirements engineerjing is an
iterative process of deflning tne system regulrements and
andlyzing the integrity of the requirements for comnpleteness,
consistency, testability, 3nu <traceability (Fiyure b)), As tre
process continues the system requirements are defined and
analyzead in a progressively expanaing manner. The definition and
andlysis activities will move from one area of concentration to
anotner as tnpe results of previous activities reveal areas
neeaing additional work, No slngle approacn c¢an ope rigldly
derined and applied wnich <can take into account tne many
possibilities whicn must pe considered. However, guligelines for
requirements englineering and associated tas<s can be defined ana
then tailored for specific requirements engineering applications.

This section presents 4d general framework for requirements
engineering as lilustrated 1n Figure 7 as weil &8s recommended
PSL/PSA language and report features wnich can pe agplied to each
activity [(BLOCK!. Fach block represents a unigue activity whicn
can be acconplished in definingy and analyzing system
regquirements, There 1s a continual 1nteraction petween the
activities of each block, and although each block appears 4a8s a
single activity, it {is 'in "fact part of a contihuum, The
selection of an actual approach for a given application is one of
the tasks [BLOCK 2). In a given application, not all olocks will
necessarily be performed, The blocks selectea must oe responsive
to the resources avallable to the project and tne objectives ot
tne analysis staft, The following is a brief description of eacn
of the 15 plocks portrayed in Figure 7.

BLUCK 1 Identify and Review Source Documentationg The analysls
team becomes fgmiliar with the problem and all
pertinent bgckground infcrmation.

BLUOCK 2 Produce Requirements Engineering Plan: A plan {s
developed to define the activities to be accomplished
auring BLGCKS 3~15; 1i.e., project schedule, tool
teatures to be used, quality assurance provisions, etc.

BLUCK 3 itaenticy System tunctions: Systenm tynctions are
identitied 1n the source documentation and €ormally
defined. ’ ’

BLOCK 4 rganize Functions into a Hierarchical Structure: lhe

functions 1in BLOCK 3 are organized so that eacn higher-
level function 1s represented as an agygregate of more
detailed functions,
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BLOCHK

bLOCK

8LOCK

BLUCK

BLUCK

BLUCK

BLOCK

BLOUCK

BLOCK

10

11

12

13

14

15

PAGE £2

Identi1ty System Constraints: Constraints for the
functions are detined where justifieag anug attached to a
specitic tunction 1in tne fupctiondal hlerarcny.

laentity Systen Using Activities: System using
activittes (e.g., organizational units, external
systems) wnlch {inte.act with the systewm from outsice
the system pounddry are identified and structured
nierarchically.

Identify External System Inputs=Dutputs gl/o): Inputs
and outputs to the taryet systen are defined
concurrently witn the using activities.

Perform Information~Flow Analysis: Intormation flows
showing the data flow between exterpal inputs, target
system functions, - information within tne system, and
external outputs are detined. )

Structure Systen Informatlion: External and internal
information is logically organized (i.e., data
dictionary).

Perform Control=Flow Analysis: The sequences of system
functions are defined as well as the control on the
flow paths. ) ) ' ,

Perform Test Analysis: System requirements wnhich will
pe subjected to formal testing and tne test points in
the control paths are determined. '

Prepare Specification Documentation: Products of BLOCKS
3-11 are incorporated into specification aocuments such
as DoD 7935.1=5, MIL=~STD=-490, or other approved
formats.

Perform Traceability Analysis: Requirements are traced
from one level moael to another (or from one
specification to another) to ensure that thé subseguent
models or specifications such as deé{gn and product
specifications meet the users original needs.

Perform Consistency and Completeness Analysis: As
errors Are exposed in previous activities, tne systen
description is refined by repeating BLUCKS 3-13 until a
complete and consistent system definition has been
achieved. )

Manage Requirements tngineering Activities: pDuring each
ot the preceding activities, project and technical
managers determine proyress by the analysis team and
the status of the requirements data ngeL' '

!
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in tne tollowlny paradaraphs each nlock tn Flyure /  is  explalnen
in gyreater detall. Included in the description are the PSL/ZPSA
tool teatures whicn have been Selected 4as a subset ot the
language and analyzer Cdpabllities best suiteada to the
reguirements engina2ering procedures in this guidebook, Alternate
features may be selected based on the application needs 2and as
experience is gained 1n application ot PSL/PSaA.

4.2 Identity and rReview Source Docuentation (blLuCn 1]

Source documentation as used in this guldepook ({ncludes all
recorded information on a system sucn asi

o planning and user reguirements documents

o specifications for similar systems, for system
interfaces, and for existing or previously defined
subsystems

0o documentation derived trom engineering studles and
prototyping or experimental test systems

0 user interviewvs ;nd gssocigted documentgtion

buring this task the requirements engineering team shall
lnaividually review the source documentation 1in order to becoine
tamiliar with the overall system requirements. puring review
sessions with other team engineers, the analysts snall perforna a
general evaluation of the requirement types (objects) contalnea
in the ‘source documentation. The review ‘ot the source
documentaton and the assessment of Trequirement types are
prerequisites for developing the reguirements englineering plan
[BLOCK 2). As the analysis activities ([(BLAOCKS 3~14] continues,
additional source documents w#1ll be identified and evaluated,

4,3 Produce Reqguirenents Engineering Plan [BLUCK 44

After revies Of the source documentation, the analysis tean snall
determine tne specific approach to accomplishing BLOCKS 3-15.
Tnis approach shall take 1into account all avallable resources
inclualng personnel, schedule, ana financial considerations., The
planning shall detail the methouology to be applied (tools,
techniques, conventions, etc.), specific tasks to be
acconplisned, personnel assignmnents, resource descriptions,
scnhedules and milestones, preliminary and final documentation to
be produced ([BLUCK 12]), progress revies#s and quality assurance
and status reporting procedures. ihe results shall be describped
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In & reqguireanents engineering plan which will bpe updaten
throughouyt tne analysis activities to retlect necessary changes.
The requirements engineering plan serves to detine tne objectives
ahd  weans of the andlysis to be pertormed and assists prol)ect
statt 1n pertorming the tasks and meeting the goals of the
project. Nes analysts and other uniformed otservers will find
tne requirements engineering plan useful for wvecoming familar
with the requirements englneering project tnrougnhout tne
project s lite.

PSL/7PSA language and analyzer features snall be determined oy
review ot bLICKS 3-15, Appendices B and C, and tne language ana
analyzer references in Appendix A. f'nls selection snhall {nsure
that the 4dnalysis proceeds in a uniform mapner, and the PSL/PSA
features satisfy the requiremnents enjineering project objectives.
The objective 1s not to bpulld and maintain requirements data
pases using PSL/PSA, but to define, analyze, and docurent quality
system reguirements using the pest features ot ¢SL/P3SA which
satlsfy the analysis activities defined in this guidebook.
inerefore, PSL/PSA shall be used as conservatively as possible to
achieve tne oojectives of the project. i

4.4 Ildentify System Functlons (BLOCK 3}

During tonis task tne source documentation {s analyzed and the
system functions (PROCESSES), necessary to control or produce the
desired outputs from the availapble lnputs, shall be {dentified.
A function 1is a discrete activity witnin a system, The
collection of discrete functlons, defines the total activities
which must be accomplished by the system to achleve a given
objective. Tne functions identified shall range from high level
(tirst possible functional breakout of the system) to detailed
lower level functions (functional primitives) whicn represent
finite, distinct actions ¢to be performed by system equipment,
computer programs, personnel, facilities, procedural data, or
combinations thereof. ’ ) o

Naming a function 1Is an 1important part of the requirements
engineering process. The following conventions tor developing
tunction names shall be applied:

o tach function shall be given a unique name contorming to the
function nane of the sources or its characteristics.

o The tunction name shall be succinct. This 1ncreases the
ability ot the reader to retain the idea beiny expressed,
especlally tor large or complex systems consisting of many
tunctions, ’
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~ o The tunction name shall not 1wply any pretfterence tor a4
aesign solutlion, even 1t the source of the requirement
specifies some aspect of design,

o when a function nane exceeds 30 characters, i1t can be
reduced by abbreviating parts of the name. Since the tooil
does not nave a means of rec .raing abbreviations used in a
name, a separate glossary . ist be malntained, Every atteapt
snall be made to avoid abbreviations, since they decrease tne
reajanility ot the name especlally for those unfamiliar witn
the apbbreviations employed. 1he npeed to aporeviate is often a
sign of an 1ill-defined regquirement or a compination of
requirement types and/or moditiers,

o Functions which are primitives shall 1include a PROCEDURE
statement. PROUOCLDURE statements shall include ény'combination
of the following: (1) Structured English stating the logical
steps which represent the function, §2) Decision Tables, oOr
(3) vecision Trees (15}, (19). ’

0 runctlon names shall conform to the following constructs:

CONSTRUCT EXAMPLE

~ Verb=Object* §55emble-requislt10n )
asem=requisition~for-publisher

Compound=Verb=0Object* prepgre-§nd-distrlb-reports J

* with or without modifiers, such as gdjectives and/or
prepreposition§l pnrases,

4.5 Organize Functions into a Hierarchical Structure (BLOCK 4]

In conjunction with identifying the system functions as described
L in BLOCK 3, the functions shall bpe arranged into logical
hierarchical structures (Figure z2). This form of organization is
suited for structuring system tftunctional regulrements 1in a ]
loylcal arrangement for communficating system tunctlons and the )
nierarchical relationships between the tunctions to design
englineers. The functional hierarchy provides a view of the
system as an aggdgregate of functions broken down into a logical ]
arrangement of subordinate discrete activities which wmust be
pertormed, The sum ot the activities ot the tunctions on a given
level are equal to the activity at the next higher level in the
hierarchy. This principle means the total system activities are
- defined by the functions at the lowest 1level in tne hierarchy 9
(functional primitives). Tnis logical form of organization {is
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distinguished trom Inforamation=tlow. (ivlbuCr 4} and control=tio~n
LBLUCKR tu]).

1Yhe tunctions ot tne system shall pe grouped fnto Hhiyher levals
ot orgdanization representing the first possiole preaxout of the
systen, Upper-level tunctions shall be refined by tne
identification of subordinate 1levels,. Eacn ievel of the
nlerarchy shall be limited to 2~7 tunctions. The 1imlt of seven
functions has been shown to increase the human understanding ot
the system functional requirements. Should the need exist for
more than seven functions at a given level, the analysis tean
shall review upper levels of the nierarchical structure and make
any adjustments that canh be made to resolve the proolen,

During the course of tnhe organization of ftunctions 1nto a logical
nierarchy, the names of previously defined functions may be
altered in order to conform to the logical structuring at lower
levels. on the other hnhand, the 1logical structuring mnmay
necessitate the creation of pseudo-function names 1in order O
proviae 'a means of organizing functions unaer special ana
meaningful groupings. 1In addition, the hierarchical structuring
may necessitate identification or creation oi new tunctions which
were omitted during previous analysis.

If the functional hierarchy is derived from leveled data-flow
diagrams [BLOCK 8), the functional hilerarcny can be derivea as a
result of the hierarchy of parent-child relationships, This
method is preferred over other less structured mnmeans of
functional decomposition, because it provides a balance between
the decomposition of functions 1in parallel with the decomposition
of data flow and data structure. ‘ '

The language statement wnlch allows a function (PROCESS) to be
hierarchically related to another is the  PART/SUBPART
relationship within the PROCESS section. The reports wnicn best
shows the functional hierarchy 1is the Structure keport, Other
reports display only 1immediate PART/SUBPART relationships:
Picture Report (with the structure option in etfect) and the
Formatted Propolem Statement Report. ' ‘

4.6 1Identify System Constraints (BLOCK 51

In conjunction with the ildentification of system tunctions and
organizing functions into a hierarchical structure, the analysis
team shall 4iocentify all system constraints, The constraint
requirements shail be limited to performance, physical,
operabllity, and design. Test requirements are aadressed 1in
BLUCK 11, Constraint requirements shall be derived from
avallable source documentation or from the results of trade~off
stuaies, teaszibllty studies or advanced development studies.
Each constraint requirement shall be related to specific function
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levels 1n the tunctional nierdrcny (BLUCKR 4). A construdaint
dapplled Lo a given level 1n the function4al hierarchy implies that
the constraint {s applicapie to cacn lower level tunction in the
hierarchy., As the constraint analysis continues the constraints
may be mwmore specifically allocated to lower level tunctions 1n

tne functional hlerarchy. Constraints which are not clearly
Justifiead from avallable aocu *ntation shall be eliminated from
consiceration until aocunented justitication is dvallable, All

constraint requirements snall be stated in speciflc, quantifiaole
paraneters, either as a single value or ranye of values,
incliuding the unit of wneasur2, limits, accuracy or grecision, and
trequency. A '

buring the course of identifying tne various constraints {imposed
on the functions oOf tne system, the'analysis team shall verity
tnat no combination of constraints results In excessive or
unrealistic requirements [BLUCK 14), Technical risks identified
by the analysis of constraints snhall pe followead up oy additional
studies to resolve areas of conflict. KReferences to any source
docunentation or analysis and studies which support and Jjustify
each constraint requirement shail be maintalneda using SOURCES
LBLUCK 13]. ) )

Although some methodiologles for requirements engineering
emphasize deferring the 1laentification of constraints over
preterence for data=-£10Ww analysis (BLOCK 18], it 1s better to
maintain records ot the constraints as they are iaentified, This
allo#s the analyst a means of deferring the constraints in a way
whicn assures that each one will not be lost or forgotten and
dlso provides the basis from which <constraint analysis may
proceed, ’ o )

There are several means of 1dentifying constraints using the
language, One way is to use the ATTRIBUTE and AITRIBUTE~VALUE
statements, For example, the following statement shows a
pertormance (pt=) constraint associated with ‘the function
“validate=time~cards". ' " '

PKUCESS valldate-time=-cards;
ATTKIBUTES ARE pf-l=time=~per-week performance=constraint;

1ne nreaning of the ATLIRISUIE catt be expandad tnrough the wuyse of
the LESCHIPTION statement and SUUKCE statement in the ATTRIBUTE
sectlion. OELSCRIPTION alloss elaboration Oon tne meaning of the
constraint (f.e., pt=l-tine-per-wveek) oy allowing text
(comuwent-entries) Lo be entered. SOURCE provides the means ot
fdentitying the source ot the constraint requirewent (analysis,
stuaies, reports, etc.) and theretore provides for traceability
[BLUCK 13). To expand tne example, the tollowing DESCRIPIION and
SLUK(EL stateanents could be provided:
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PROCeSS vallidate-time-cards;
ATTRIBUTES ARE pf=l-time=-per-week performgn;e-constraint:

DEFINE pf-1-time-per-week attribute;
DESCRIPTION;

-—---comment-Entry-----—-—----

----—---—-----------—-—-------;

SQUurCE source=~identiflier;

In this example the first two statements defline the tunction and
the assoclated constraint. The rewmaining statements expand upon
the constraint by renaning it and addiing descriptive text and the
source of the constraint. Tne use oOf the prefix (pf-) for
pertormance in the ATIRIBUTE name appears to be rédundant with
the ASTRIBUTE=-VALUE. However, the use of the pretix wmakes other
reports more usetul, since many 0f the reports are sorted on
object names, For example, the Name List Report will group all
pertormance constraints together where the prefix “pf-* 1is used
in the ATTRIBUTE name. ’

The ATTRIBUTE and ATTRIBUTE~VALUE can be used for otner contraint
types, Prefixes for all constraints are as follows.

performance pf~-
pnysical pY~
deslign’ dn-
operanility op~-

The Attribute Report and Formatted Problem Statement Report will
display the constraints (ATTRIBUIES) along with the tunctions
(PROCESSES) which they contraln.

Another way to express constraints is the use of MEMOS. Using
the same example, the following illustrates tne application of
MENMU as a constraint:

PROCESS validate~tlime-carda;
SEE=MEMO pt—l-time-per-weeg:

MEMD pf-l-tlme-per—wees;
DESCRIPTIUN;

-—--ucomment entry---—--------

-------_--------—-—_-------.-.;

SOURCE source-identitier(s);
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The PESCRLIPLLIUN and sUUKCE statements tor tne MEMU  achieve tne
samne results ds the ALTRIBUTES section, Here the preflix 3
atstinguisn the mkMU a5 a constraint and agaln are useful tor
vroaucing d4na using otner report outputs, The Structure Report
(3.2X) and Formatted Problem Statement Report wlli display tne
constraints (MEMUS) along with the functions (PRUCESSES) whicn
tney constrain. ’

another means for defining performance constraints w»hich involves
rates is to use the haPPENS statement. 1Tne HAPPENS staterment
specifles the nunber ot occurrences of a function gHRUCESS) in a
given time interval, The following Statements 1llustrate the
HAPPENS statement to express the previous perforamance constraint:

PROCESS validate~time~-card;
HAPPENS one TlMES=-PER week;

rne Frequency Report and Formattea Problem Statement Report c¢an
be usea to display this form ot performance constraint. OUtner
contraint types (-py, -op, =dp) have to be represented uUsing
ATTRIBUTES or MEMUS. ' '

4.,/ 1ldentiry System Using Activities [(3LOCK 6]

Using activities (organizations, operational units, or operator
positions) which {nteract with the target system shall bve
identified, The identification of using acitivitles provides tne
pasis of information-flow analysis (BLOCK #8]. The ldentification
shall include the names of using organlzatlions descrioed in the
sources or tnrougah other determinations such as human engineering
studies which lead to the 1identitication of wusing activities,
Lower level position names, such as specific operator positions,
snall be identifled and described to the level of detall required
for the assoclated functions, ’

Using the INTERFACE object and PARI/SUBPART statements, the
regquirements engineer can define and structure all wusing
activities which i1nteract with the target system, ldentification
of using activities is best accomclished 1n conjunction w~ith
irnntormation=flow danalysis LaLUCA &), AS LvleKFACES are
1dentitied (i.e., external activities whilcnhn are origins or
destinations of targer system prodjucts), language statements
should be prepared., 7Tne hierarchical structuring ot IWTERFACES
using the PARIT/SUBPART relationships is generally not required
unless this information supports the understanding ot the tarqget
system, An example entry tor a using activity 1s as tollows:

i
]
i
i
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INIERFACE Kkeypunch-operator;

PART aata-processing=department;
RECELVES keypunch-forms;

GENERATeS xeypunch-~deck;

SOURCE source-identitier(s);

The structure of the using activitles ({NTERrFACES) 15 provided by
the Structure Report 1f the PAK1/SUBPART relationsnips have been
entered, Tne Formatted Problem Statement Report, Extended
Picture Report, and Picture Report display INIERFACES witn
varying degrees of informational value,

Anotner approach to identifying and structuring usinjy activities
is to treat tnem as PROCESSES. Tne using activity 1s detined as
a PrROCESS and given a nane whilch 1is in tne noun fori (e.y.
cata-processing-departiment), The hierarchy of using activites
can be naintained using FAHRT/SUBPART statements under the
PRUCESSES. In this case one wmajor branch ot the process
structure can be aedicated to the using activities and another
prancn set aslde for the target system functions. Tnls approach
still allows identification of wusing activities (although anaot
specifically by language type, INTERFACES), allows nierarchical
structuring, and data fiow, [ata flow becones more simplified
witph tnis approach because aithout the use of INTERFACE, the use
of INPUTS and OUTPUIS are no 1longer practical. The only
practical collecticons of data remaininyg are SETS, ENTITIES,
GRUUPS/ELEMENTS. 1This restriction is not considered severe. To
beginning users, this approach has been found to simplify the
application wnile still effectively addressing tnhe needs of tnhe
requirements definition and ahalysis process. The tool allows
the user to alter the type of the object from PROCESS to
INTERFACE should it be decided at a later cate that 1t 1s
desirable to do so. However, because Of tne uniquenesses Of eacn
language object, a change 1in the type of one object can
necessitate otner chanjes within the object being changed as well
as other objects. Therefore, it is cuggested that use of PRUCESS
as a using activity should be adhered to throuyghout the project
once it is decided to do so. ’

4.8 Identify External System lnputs~-Outputs (BLOCK 7)

In conjunction with ididentifyiny tne wusing activities, tne
analysis team shall identify the output (responses) reguired trom
the system. QOutput intormation consists of reports needed by
usinga activities as well as system messajes necessary ftor the
operation, maintenance, and control ot tne system. Subsequent to
each output being definei, tnhe associated system 1nputs (stimull)
shall be identifieda. £ach input or output (L/0) snall be given a
unique name contorming to the 1/0 name in the sources or 1its
characteristics. Parts of an input or output shall be identified
and1 named as the regulrements englneering process continues
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[BLUCK 9], Reterences to source documentation (SUUKCES) whicn
1dentify the need tor the I/0 shall oe maintalncd LBLOCK 14]).
bach 1/0 snall be suplemanted by a brief description ot tne I1/J
and 1tSs purpose. ‘

The INPUT and JUTPUT lanjuage objects are designec 1o be used as
their names imply, that is, ~xternal inputs and outputs of the
target system. Inese collectlons of information can be wused Lo
express physical or 1logical collections of data. As paysical
collections they are thougnt of as containers ot aata values
whlch conslist of GROUPS/ELEMENTS. INPUTS and UUTPUTS may also be
contained in larger collections ot information, INPUTS, QUIPUTS,
ana SETS. For requirements engineering purposes, the logical
collections are the preferred means of uslng the language,

Example INPUT and OUTPUT statements are as followsg

INPUT tine=card;
GLNERATED BY Keypunch=-oOperator;
DESCRIPTIION;

-----COmment entry----_-------

-------_----—----—---—-----’--;

SOURCE source-identifier(s);

QUTPUT Xeypunch=forms;
KECEIVED BY keypunch=operator;
DESCRIPTIUN?

-—---comment entry--—---------

SOURCE source-~identifier(s);

1.9 Perfornm Information-Flow An;lysis {BLOCK 8]

buring this analysis, the flow relationships between external
system 1inputs and resulting outputs shall be identified in
intormation=-flos alagrams (also called data flow dlagrams and
gata tlow grapas). Ihese diagrams provide ttnde wpasis for
determining tnat each I/U is used, derived, or updated, An
etfective m2ans of information=-flow analysis 1s €O trace an
output back to the system input: external data, messages, oOr
stimuli. This method permits the relationships bpetween
assoclated functions and the lnternal information necessary to
support the dertvation ot the output to be laentified,
structured approaches for information-flow analysis are described
by beMarco L15], Gane and sarson (19), and Koss (l4). The data
flow within the target system boundary can be described using the
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tollowing lanagudde reldatlilonshios as fllustrated in rlgure 8:

Usts this relatfionsnip indlcates tnat a4 tunction (PROCESS)
on the path uses external 1nformation (INPUT*) oOT
internal system information (ENTITY*) &s an input
to its activities, ’ '

DERIVES This relationshio indicates tnat a function (PROCESS)
on the path derives either external 1information
(GUTPUT#*) or 1lnternal system iaformation (EMT1ITY*) as
a product of its activities. T )

UPDATES 1nls relationshio indicates that a function (PROCESS)
on the patn wupdates internal system 1information
(ENTITY*) as part ot its activities.

¥ or tnhneir higher/lower level <collections, i.e., SE1S,
GROUPS/ELEMENTS

Compound forms can also be used such as USES~ TO DERIVE and USES-
TO UPDATE. These formns are better since they result in a more
accurate definition ot the function®s transaction &nd result in
more ~meaningful PSA reports, l.e., Picturé ana Extended Picture
reports. ’

The information flow shall 1indicate the relationship between
system functions and system intormation (external ana internal
system I/0) and shall not imply any Iapse 1n ~ time, or
intermediate 1/0 pe used, derived, or updatea. '

For the purpose of information~flow analysis the external using
activities identified during BLOCK 6 are ‘integral to tnhe
definition of the system total information flow since the using
activities are the origins and destinations of syst~m external
/0. The fiow across tnhe target system boundary (bctween
INTERFACES and PROCESSES, 1f INTERFACES are being used to
represent using activitles) shall be describead using the
following information=flow rel@tibnships as 111ustr§ted in Figure
8:

GENERATES Thils relationsnlip 1indicates (1) & using activity
(INTERFACL) 1s tne origin of the external input
(INPUT) or (2) a function (PRUCESS) 1s the origin
of the external output (ODUTPUT). ’

RECELVES Tnis relationsnip indicates (1) a function

' (PRUCESS) 1s the reciplent of the external input
(INPUT) or (2) a using activity (INTERFACE) 1s the
reciplent of tne external output (OUIPUT).

[ )
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Two poOssible sets o0t language statements whicn Corresponds to the
intormation=flow dilagram in tigure ¥ are shown below, cach set
ot statements should be supplemented by a SUURCE statement where®
it 1s appropriate to maintain traceabllity between the floe
requirement and sources of the reqguirement (BLUCK 13).

SIMPLEX FOURM COMPUUND FURM
INTERFACE a; INTEKFACE a;
GENERATES b; GENERATES b;
INPUT b3 INPUT b3
USED BY c3;

PROCESS ¢;
PROCESS ¢ RECEIVES b;
RECEIVES b; USES b TU DERIVE e;
DERIVES e

ENTITY e

PROCESS £;
ENTITY e; USES e TU DERIVE h;
USED BY £ USES e 10 UPDATE g;

GENERATES h;
PROCESS £3; ’

UPDATES g; OUTPUT hi
DERIVES h;
GENEKATES h; INTERFACE 1;

RECEIVES n;
OUTPUT h:; )
RECEIVED BY {:

INTERFACE 17

Reports which oresent the information flow are the Data Process
or Data Process Interaction Report, Element Process Analysis
Report and Element Process Usage Report, LExtended Plcture Report,
Formatted Problem Statement' Report, Function Flow Data Diagram
Report, Picture Report, Process Input/0utput or Process Summary
KReport, and the Structure Report., None of these reports present
leveled data flows.

4,10 Structure System Information (bLOCK 9}

buring BLOCK 7, the external 1/0 ( 1INPUTS, OQUTPUIS) and their
superordinate and subordinate parts are defined, 0During BLOCK 8,
the internal I/U0 (ENTITIES) and thelir superordjinate and
subordinate parts are defined as the information-tiow analysis 1is
pertormed. During this activity, the external and internal

“——
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intormation 1is arranged 1into 1log9ical hilerarchical structures
tdata structures) as lllustrated in Figure 3., = The “emphasis on
the data structures 1s to organize tne /0 and their
superordinate and subordinate parts into logical orgsnizations or
simply as  groupings of information, Structuring tne 1/0 1s an
ettective means 0f lidentifying incomplete or missing 1/70 and for
communicating the i{nput and output Tregquirements to design
engyineers, ’

parts of I/70 identified during B8LOCK 7 and 8 shall bpe assoclated
with other I/0 and organized 1nto hlerarchical structures.
changes and additions toc tnhe 1/0 hierarchical structures may be
required as information-flow analysis [BLOCK 8) 1s accomplished.
Tne upper parts of the individual 179 hierarcnical uLtructures
shall be equivalent to the aggregate of the subordlinate parts in
the nierarcny. During the course of organizing the 1/0 into a
hierarchy, the names of previously defined I/0 may be altered in
order to conform to the ddta structure being detined. 0On the
other hand, the structuring may necessitate the creation of
pseudo input/output names i{n order tc provide an ettective means
of organizing the data structures 1in special and meaningful
groupings, ln addition, the hierarchical structuring ray
necessitate the 1dentification of adaitional 1/0 requirements
wnich were omittea during earlier requirements engineering
activities,

The identification of the'}/O, its description, structure, and
otner features is called a data dictionary. The following
example describes a typlcal détg dictionary entry tor an INPUT.
Lach set of statements can be supplemented by a SUUKCE statement
where traceability is desired or required [BLUCK 13J.

INPUT time=-card;

CONSIST OF employee-name, employee-no, week-ending-date,
project~numbers, mon=nrs, tue-nrs, wea-hrs,
thr=hrs, fri-nrs, sat=hrs, sun-hrs,
total=hrs~by-project-no, total=nrs-by-week=day;

DESCRIPTION; ’ ' '

A card used by the employee to record weekly hours
against projects throughout the work weeK,

SYNONIM employee-time-card;

GROUP employee-~npame;
CUNS1ISTS OF last=-name, first-name, middle~initial;

ELEMENT last-name, first-name, niddle~initial;
Several reports will opresent various aspects ot the data
dictionary. The Contents Report provides the data structure in

an tndented tormat beginning with the object name specified (StT,
Invur, vUTPUT, ENTITY) down to the lowest level detlned using the

- v~ .
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CUNSISTS/CUNTAINED statenents. The Structure Heport (version
5.1, with the appropriate options in effect) provides an indented
niterarchy of tnhe SETS, INPUTS, OUTPUTS, and ENTITIES based on the
PART/SUBPART and SUBSET/SUBSETS relationsnhips. ~The Formatted
problem Statement Report provides the same data structure
(CUNSISTS/CONTAINED) information as well as ODESCRIPTIONS,
SYNUNYMS, and SOURCES. Other reports which aid 1in development
and analysis of data structure and contents are identified in
Appenaix C, ' ’ T

4.11 Perform Control-Flow Analysis (BLOCK 10}

Control~flow analysis provides a means of viewing tne system tfrom
an activity-oriented perspective and is often reterred to as
functional=flow analysls, Control~flow diagrams llke Figure Y
describe the sequential flow between system functions. Wwhereas
the information flows do not indlicate any preferred ordering of
functions, control flows da~scribe the order in which functions
are to be activiated., In many applications these control patns
become meaningful 1in the understanding of the system and are
desired by the target system user or documentation requirements.,
where control-flow analysis 1is desired or required, it 1is
recommended that the ordering of functions be prepared after
completion of information-flow analysis. ’

control-flow diagrams, 1like information-flow diagrams, shall
indicate only the relatlionship between system functions and shall
not imply any lapse 1in time, or intermediate activity, The
sequence Of functions (PROCESSES) and conditions which determine
the flow directions shall be described wusing the following
control~flow relationsnips as illustrated in Figure 9:

TRIGGERS This is a sequentlal relationship between two oOr
more functions (PRUCESSES). '

UFILIZES This relationshlip indicates that a function
(PRUCESS) ‘on a path is dependent upon the use ot
one or more other functions 1n order to accomplish
its activitles, A single functlon or seguence
of functions T1y be defined once and utjilized
as freguently as necessary J1n the control flows
without having to be redetined for each use,

CUONDITION AND condition; Functions (PRUCESSES) preceding
the AND must be accomplished bpetore the tlow
can continue, ’

OR condition: Any one of the alternate paths may
lead to the next tunction (PROCESS). )
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1ne use of the TRIGGEKRS and UTILIZES relationsnips provides tne
basic seqguence of functlons (functional floWw). The addition of
CUNDLITIONS statements modifies the functional flow oy providing
control descriptions on diverging or converging tlow paths 3and
thereby makes the sequence ot functions a control ftlow.

The control tlow shall be restricted to concepts backed by systen
engineering studies or the 1like which clearly resolve any
vncertainty of technical risxs associated with the flow concept
describea. where uncertainty exists the relationships snhall be
descriped as tentative or not completed, as appropriate, until
subsequent analysis resolves the uncertainty. As the controil
flo+s 1s identifiea, SOURCES of the control reguirements (studies,
reports, etc.) shall be maintained (BLOCK 131, '

One possiblie set of language statements whilch corresoonds to the
control=-flow diagram 1in Figure 9 is shown pelos. Each set ot
statements should be supplemented by a SGURCE statement wnere {t
1s  appropriate to maintain traceability between the flow
requirement and sources Of tne requirements [BLUCK I3]).

PROCESS a3
IRIGGERS b;

PRUCESS b} -
UIILIZES c7;
TIRIGGERS d;

PRUCESS d; ]
TRIGGERS e, f;

PROCESS g3

TRIGGERED BY e, f;

TRIGGERED WHEN condition-name BECOMES TRUE;
TRIGGERS h,1; |

PROCESS hy
TRIGGERED WHEN condition-=name BECUMES TRUE?
1 1TRIGGERS 3’

PROUCESS I;
TRIGGERED WHEN condition-name BECOMES FALSE: -
TRIGGERS 37

In the above example, “condition-name"™ 15 the obpject name
i (maximum of 30 characters) called a CONDITION (AND condition, and
OR condition). "The condition-name {s a ~ statement  which
represents a condition which can be either in a true or talse
state., Once the conditisn-name is determined, the TRUE or FALSE
1s selected as appropriate to tnhe 1logic of the flow being
defined, '
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Several reports display control=flow {ntormation. ine Process
Chaln Report provides a graphic output snowninyg tne cnain ot
IRAGGERS, UTILIZES (5.1 only), ana CUNDLTIONS (5.1 only). Aul
control-flow relationships are shown 1in the Formatted Problen
Statement Report and also in the Structure Report (4.2X only).
The Dynamic Interaction Report (5.1 only), Picture, dand
utilization Analysls Report (5.1 only) also show various aspects
ot control flow, ’ ' ’

4.12 Perform Test Analysls (BLOCK 11)

lest requlirements ldentify the system reqguirements whicn will oe
evaluated during system 1inteygration and .test. TIne principie
objective of test analysis 1s to identity wnich areas 1in the
system definition shall undergo formal test and verification.
This 1s achieved py identifying test points on the control=flow
patns (Figure 9). Test points shall ve added to the tlow patns
at the selected test agata sampling locations as the control f£low 1
is developed. The selection 0of test points shall be accomplisned ;
concurrent with the test planning activities, |

Ine association between system test plans, analyses, and studies
documented prior to, auring, and subsequent t0 tne start ot
formal requirements engineering 1s crucial to the overall
requirements englneeriny concept. Documented test objectives
preceding formal requirements engineering shall be analyzed. ks
a result, test points 1In the control flows shall pe selected
which provide data for varlous test cases and support testing
objectives. References (SOURCES) shall be maintained between the
test points and assocliated test plans and other supporting
documentation (BLOCK 13]. ’ ‘ ’

The language has no direct means of representing test points on
the intormation and control flows., However, one means of
representing these test points can be achleved through the use of
the EVENT object. In this case the EVENT denotes & point on the
flow where test (validation) data is desired during the system
testing. Tne procedures which will be wused to analyze the
colliected data can vbe described in the DESCRIFTION. "References
1 (SUURCES) to test plans and procedures can be identified. A
sinle test case mav be defined as an EVENT made up ot several
test points (EVENTS) using PARI/SUBPART relationships. All test
cases can be structured to provide a comprehensive hierarchy of
the system/subsystem and unit level testing whicn will be
pertormed during system Integration and test. 1npe followiny
statements 1llustrate a test case for the control flow showh 1in
tilgure 9: ' ’

_ LVENT test-case-name;
SUBPAKRTS ARE test-point-a, test=-point=-b;
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DeSCRIPIION;
comment entries describing the procedures for
analyzing the test polnt data. This may be
extracted from or entered into test plans and
procedures as they are developed; ’ )
SOURCE source-identifier(s);

EVENT test-point=-a;

CAUSED BY a7

TRIGGERS b3y

DESCKRIPTION;
comment entries descripbing the test data to be
collected; ’

SOURCE source-identifier(s);

EVENT teste=point=b;
CAUSED BY h,1i:
TRIGGERS 37
LESCRIPTION:
comment entries describing the test data to be
collected: ’
S50URCE source-identifier(s);

The PART/SUBPART relationships are available only 1n version 5.1.

The test cases and test points (EVENTS) will apgpear 1in numerous
reports dependaing on the version available, The Structure Report
(5.1) will display the hlerarcny of the test cases/points based
on the PART/SUBPART relationships (5.1). The Process Chain
Report (all versions) and the Dynamic ‘Interaction Report (5.1)
will display the test points (EVENTS) as part of the
functional/control flow, The Formatted Problem Statement Keport
generated for EVENTS will provide a complete display of the test
cases/points., The lack of PART/SUBPART Telationships in .ersion
3.2 and 4.2 can be worked arvund by the analysls team using an
alphanumeric naming convention for the test casespoints (EVENT
names) which will allow reports such as the Formatted Problem
Statement Report to output ordered by the name of tne EVENTS. In
this case the Name-Gen (3.2) or Name-Selection (4.4, and 5.1) is
used to create a file of EVENT names ordered dlphabetically.
Then the torapatted Froolem Statewment Report can ve produced, Ine
result 1s a listing of the test cases/points 1in the preterred
order pased on the name of the EVENT.

4.13 Prepare Specification Documentation [BLOCK 12)

specitication documnents serve to record the requirements, design,
and product descriptions o0t a system, Specificdations are used
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rrronuanout the system life cycle anad are an inteyrdl vrart ot the
5ysteoem manayenent concept? 'contrdcting ana aevelopment,
contiguration management, system iptegration  and testing,
raintenance, and moditications, ’

Locuventation is develoven according to altterent standardas
aependling on the type ot systeir peinyg definea,. where tne system
fequirements are tor a military system wnich can pe satisfled by
ar.  4utoasted data prozessing (ADP) contlyuration of computer
narcusare and sottware, the DoOD Standard 7935.1-5, Automated Data
Systams pocumentation Standards, 1s usually appliea. In military
systeins wnere ADP nardware ana software may be parl ot a larger
systam ot equlpnent, sucn as a weipons system, mIL=-STL=-430,
M{litary Standara Specitication Practices, may oe <tTne requirea
gocuvention  standard. "Altnough the formats and content
reguirements ot these TwWo stanaards vary, €ach can aras upon the
prooucts of the analysis performea in the preceding 2LUCKS.

The system requirements detinition and analysis . activities
lLbCnS  3=-11) proviae the bpasis upon which the preparation ot
speclfication snall proceed, The products ot BLOCKS 3-11
(tunctional and informational nierarchical structures,
information ana control flows, etc.) shall be 1incorporated
iirectly into tne specification documents in accordance with the
rrescribed tormat of the documentation standard by using the
analyzer reports as tigures or appendices in the specification
aocuments., Additional specification document paragraph headers
and text may be reguired to complete the document in order to
exglaln the analyzer reports Oor provide continuity between the
reports ana the format requirements of the standard, Wwhere
additional text is required to satisfy the documentation standard
format, the added text shall be direct and succinct. The text
shall be free of vague and ambiguous terms, The text shall use
tne simplest words and phrases wnich convey the intended meaning.
Care shall be taken to ensure that tne supplemental text does not
contlict with previously defined system requlrements ([BLOCKS
3-111. Where conflicts arise, the previous ~reguirements
definitions and analysis snall take precedence, any conflicts in
the supplemental text shall be removed. )

The intent of the text 1s to provide supplemental understanding
of the requirements 1ldentified and analyzed previously. The
style ot writing shall enpnhasize short 'and concise sentence
structure. Well=written sentences shall be required witn a
minimuym of punctuation. Punctuation shall be used to aid reading
and prevent misunderstandings, When extensive punctuation 1s
required for clarity, the sentence shall be restructured to
eliminate the deficiency. Tne emphasis shall be upon short and
conclse sentences and the elimination of compouynd clauses.
Additional style, format and general instructions for preparation
of specification documents shall be accomplished as described 1in
DoL Standard 7935.1-5, Part 2, and MIL=-STD=4Y0, paragraph 3.2.

N
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Unly a4 tew specitication types in vouv Standard 1955;1-5 and
MI{L,=3TD=490 are usea to record the results of the system modeling
anaressed in this quldebook. Tnese are as follows:

DoD Standard /935,1-5

Functional Descriptiocn (F)
Data kequirements uLocument (+0)
System/Subsystem Speclticdtion (3S8)

MIL=-STD=490

System Specification (lIype A)
Development Specitications (Type B)

The formats of each of these speclfication types are uyniquely
ditterent and 40 not easily lend themselves to the outputs of tnhe
analyzer. As stated previously, tne analyzer reports can be used
as tigures or as appendices to support the paragraph reguirements
of the documentation standards, where tnese’ documentation
standards are not required, the analyzer outputs iaentified in
thé previous activities (BLUCKS =~ 3-11] can be used as
specifications =~ for the target system. However, additional
supporting text to explain the analyzer reports and provide 8
comprehensive specification of the system will be required, Tnhe
Print Reguirements report (3.2X) has been developea to prov.de
automated documentation directly from the requirements data base
as described in Appendix C and as illustrated in Appendix D,

4.14 Perform Traceabllity Analysis (BLOCK 13)

Traceability gives the analyst a means o0f verifying the
requirements by linking each requirement to the varyinyg ftorms of
source documentation such as program directives and plans,
studies, analyses, test plans, associated specifications (FD, RD,
Ss or Type A and B) and the like, Throughout the requirements
engineering activities the need exists for the analyst to be able
to evaluate the impact of changes and additions to the
requirements (Fiqures 10 ana 11). wnhatever tne reason (policy,
economics, study or analysis results, engylneering  change
proposals, etc,), traceability provides the cCapablility to reaaily
identity assoclated impacts to the system definition as well as
to trace the 1impacts to all other assoclated documentation.
Requirement change impacts can ope readily analyzea and the
appropriate actions taken where the sources and traces ot
requirements are iaentified. The 1links to associated plans,
analyses, studies, and specifications accomplished oprior to,
auring, and subseguent to the start of formal requirements
engineering are crucial to tne integrity of the system being

't
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qetined ani developed.

inere are twO 1rorms ot tracedapblility: traces trow tne originating
requirements to the loygical wnoudel and traces trom the lojical
moael to other models where the requirements ndve been allocateud
such as more Jetailea logical noaels, physical designs (aesign
specifications), and as=-ouilt prooucts (product specirications).
Ine SUURCES ana [RACE=~KEY statemerts are employed UG audress ootn
forns ot traceability. '

SLUKCE  statewents dre usel aurinyg the logical moaeling 4as
descripea 1n BLOCKS 3=11 to 1dentify the o0riginating source ot

tne Trequirerent (oonjects: PrUCESS, INTREReACe, SET, INPUT,
VUTPUTL, ENTILILY, GRUUP/LLEMEN] etc.). Tnis can be aonre oy use of
a8 unigque SOUKCE name (source=-identitier). This laentitier is

otten the paye and/or caragrapn ot g source docurment, The more
sveciflc tne identitier, the easier it 1s to locate the source ot
the requirement, especially by 1ndividuaels who were not involved
in tne analysis. where multiple source documents are (o be
rererenced, the source-igentifier should begln with a prefix
(usually one cnaracter is sufficlent) to distinguish Lhe unigue
scurce., For example, J-3.1.1.2 represents paraqraph 3.1.1.2 in a
gocunent identitied by tne project ganalysts as "3%.

fraces to allocated reguirements A4re acconplilsnea using the
TrACE=KEY statement. Ihe preterred method 1s to adz TRACE=XEY
statements to the PSL/PSA data base of the logical model where
ti:e reqguirement is first recoraeu (i.e,, the originating modelJ.
tor instance, IRACE-KEY stdatements would be addeu to the 1logical
model (originating 10del) wnen the reguirements nave been
allocated or refined (expanded upon) in anotner more detail model
{allocated model). The name of tine TRACE~KEY (trace-lgentiflery,
iike the source-identifier for SUURCES, can be to the page and/or
caragrapn of the documnent wnere tne requirement wdas allocated or
the actLual name ot the allocated regquirement (object) in the
second moael as maintaina2d in a PSL/PSA data pase,

Tnroughout the requireaments engineering activities (BLOCKS 3=11])
eacli requirenent shall pe assoclated with tne sources of the
requlrerent (source docuaments). lnese SUUKCES shali relate the
systen requirements to all assoclated speciticatlions, studies,
analyses, plans, program management girectives ana plans, systen
51z21n9 ana timing stadi=s, frotatyplnc, stwulations, test
planning, dand tne like. SUURCe stdatenents snall ve incluaes  t1or
eaCcn regulrenent type (languaye o0djects) as dppropriate to tne
arnalysise. The source=igentiters snould be specitic enough that
the requirement can pa locatea on a8 single pdyge 0t tne source
document, TRACE=KRFEYS shall be adaed to the oriuinhating PSL/PSA
data base yhen the requiremnents in the originating molel nhave
peen allocated to nore adetatiled models; tnis shall be
accomplisnea even {f the alloceated model {s not actudlly defined
in A PSL/PSA dala vase. Ine nane ot the IRACEL=nEY should ¢cve
elther the object name in tne allocated moqel (PRUCESYS,

¢ ete Cdvadiorm
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INLEREACE, SET, LlePUl, uUdledl, ENTITY, GRUUP/ELEMEND €tC,) oOr the
locdation Ot the reguirement In the allocatea moael (l.€.»
gocument page/paraqrapnh numnbers), Since the allocaled fmodel 1oy
not be represeated 1in a8 PSL/PSA data base, tne page/paradraph
numters of tne Irequlrements in the allocated docurent dare otten
the only appropriate T[TRACE=KkYb that can bpe dddea to the
originating podel. Ine tolloving exampie  SNOWS the
1dentification ot SOURCES and TKHACE=KEYS tor a PRUCLOS:

PRUCESS validate=time=-cardas;
SOURCE J=~3.1.1.2, j3=3.1.1.2.1;
IRACeL=KEY ﬂ-3.7-1.2, n'J.’Io1.2-1-3' t-4--?.5.t5;

In tnls example two unique rererences (SQURCLES) have been
faentifled for the or!gjinating requlrement and three reterences
(TRACE=KeYS) have beer identitied as the location of tne
requirements {n two other documents (n= and t=). Tne SOUKCE
statements indicate that the " tunction’ {PROCESS)
*vilidate-time-cards" originated in document °“j° and l1s dlscussea
in perdagravhs 3.1.1,.2 and 3.1.1.2.1. The functlon traces 1O
regquirements allocated and refined in two other aocuments:
cocument “n° pardagraphs 3.7.1.2 a9nd 3.,2.1.2.1.3 ana document “t°
paragracn 4.3.5.3. ’ )

Unly a few reports display SUURCES and TRACE-KEYS. 1These are the
fFormatted Proplem Statement Report, HRequirements Traceabiltiy
Analyzer report (3.2X) and the Structure Report (3.2X). The
Reguirements 1raceabllity Analyzer Report has peen specitically
desiyned to analyze the traceabilty ot requirements and display
tne results ot the trace npetween two PSL/PSA adata bases in a
single report. ’ S

4,15 Perfornm Coansistency and Completeness Analysis (BLOCK 14)

Throughout the requirements englneering activities (BLUOCKS 3-13]
analysis of the consistency ana completeness of the reguirements
detinition assures the integrity of tne system o€inyg detined.
The analyzer reports assist the reguirements engineer 1n
consistency anq completeness danalysls Dy (1) enforcing
conslstency and unamplJjuity by checxiny tne syntax ot tae
regquirenrents statements (2) detecting some types ot logic errcrs
in the reguiremnents statenents and (3) aiding the detection ot
incomplete and fnconsistent requirements statements. by far tne
majority of tnconsistencles ano Incouwpletenesses ale Jdetectea oy
the requirements engineer as opposed to the analyzer, Tnis  1s
aone py Observation ot tne andlyzer reports as the engineer
pecomes hignly assocliatea with the protlem that 1s being nmoaelea.
various reports have puilt-in 4analysis teatures which detatl
certain classes ot syntax or Loglc errors. "
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In us1ng the reports identitied in the previous BLUCKS ona other
reports wnlch may oe enployed as describea 1n Appencix C, the
tollowing minaimum consistency and completeness checks shall be
perl:)rn-ed.

4.15.1 ldentify System Functions: BLOCK 3

Are all functions (PkJCESSES) defined in operational terins as
opposead to solution oriented terminology such as data
processing terms? Hewmove or rename all functions which 1imply
"how=-to". ’

Are the functions packed oy studles or the llge whlch resolve
technical risks? Remove all tunctions which are not feasible
or analyze the risks and resolve any uncertainty.

Are all source references (SUURCES) 1identitied for each
tunction? '

nnave high level functions been obroken down 1nto the 1lowest
level functions (tunctional primitives)? Vo all functional
primitives have a PRUCEDURE defined?

Can any tunctions be consolidated? Can duplicated or similar
tunctions pe eliminated or consolidated? ' '

Have all traces (TRACE-KEYS) been defined for each functional
primitive? ) a

4.1>.2 Organize Functions into & Hlerarchical Structure: BLOCK 4

Dnes the hierarchical structure contain all functions defined?
Inat 1s, are all PART/SUBPART relationships entered and
correct?

Uoes the sun of the activities of each set of Jlower 1level
tunctions represent the activities of the function at the next
niagner level in the functionel hierarchy? Are ‘there any
m1Ssing lowser level functions?

voes each level ot the functional nlerarchical structure
consist of 2«7 functions? l1f not, <can tne phierarchy be
restructured? ’
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r
4.15%.3 Identlity Systen Constraints: BLUCK 5
3
Have all constraints (nEMGO, ATIRIDBUTES, hHAPFENS) ceen
dssoCiated witln specitic tunction 1levels 1n tne tunctilonel
nierarcny? wre constralnt requirements appllec to the

appropriate tunctions?
Are tne constraints identitlea by type: or=-, DYy=-, Op=, an= 7

Vo constraints have source 1ocument reterences (SJUURCEDS)
gefined? £ach constraint shall be opac<ed by documentation
whlcn proviaes the ratlonale, or feasiolllity for tne
constraint. 1t no source reference 1s ldentiftied or
gvailable, the ccnstralint snall be eliminatea.

Lo any cowbinations of constraint requirements 1mposed on the
tunctions result {n excessive or unrealistlc engineeriny
requirements, thereby increasing costs, technicel and schedule
I1sKks during the systen "aevelopment ana system lite cycle?
where uncertainty or conflicts exist, furtner danalysis shall
be performed, As a result the conflicts shall pe removea oy
eliminating or adjusting tne conflicting requirements,

ls eacn constralnt rejuirement defined in guantitiaple terms:
sinyle values or range ot valiues, Including units ot measure,
limits, accuracy or precision, and frequency?

HaAve constraints been overspecified? Excessive constraints
eliminate desiqn tlexibility.

Have all traces (TRACE-KEYS) been defined for eacn conscr@int?
4.15.4 Identity System Using Activities BLUOCKR b

rave all using activities (organizstions, operational units,
Oor oositions) been identitied and related to associated inputs
and outputs?

Have all using activity source references (SCURCES) and traces
(1RACl=-RKLY5H) rceen identitled?

4,155,595 1dentify External System Inputs=-Jutputs: BLUCN ?

have all external system l/U pbeen identitiledy

Have all reguired external /0 formats (ressases, etc.) oeen
l1dentified ana wuescrivoed?
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~ AlTe all external 1/U assocldatea with using qctxvltles (BLOCK
v)] and tunctions |HLUCK o0i4?

Are all external l1/uU source documnent references gSUURCES) and
traces (1TRACE=REYS) identitied?

4,15,b Pertorm Information=Flow Analysist BLOCK @

ls there an information-fi10w sequence defined for every
externgl output desired? Can every external outgpul pe traced
to irnputs?

Ls each 1information-flow sequence complete ana logically

. correct? The 1information tlow shall 1indlcate only the

: relationship between system functions ana system 1information

(external and {internal system 1I/U) and shall not imply any

lapse in time or intermedlate I/0 being wusea, derived, or
updated. ’

Are all information=~flow relationships (usts, DERIVES,
UPDATES, GENERATES, KECEIVES) descriped as appropriate in each
intormation=-flow sequence?

-~ Are all using activities (BLOCK &) associated with system
external 1/07

ls each Information=-flow sequence referencea to source
aocurentation (SOURCE) which established the need for the
information~flow seguence as well as resolves any uncertainty
or technical risks? ‘ |

4.15.7 Structure System Information: BLOCK Y

bDoes tne information hierarcny structure contain all external
ana 1internal I/0 as described 1in tne source documentation
(SOURCES)?

poes the sumn ot the [/0 at a given level represent tne total
contents ot the I/ at the next higher level 1n the hierarchy?

Vo the 1/0 structures represent tne contents ot each external
L/u (serT, INPUT, OUTPUL, GRUUP/ELEMENT)? &ach internal I/0
(5e1, ENVIIY, GRUUP/ELEMENT)Y

Are traces (TRACE~KLYS) complete for all I/J0?

RS

!
{
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~’
4.15.8 Perform Control=tlow Analysis: 8LOCK 1v
1s each control-flos seguence complete and joglically correct?
No lapse in time or intermedlate activity snaLL ce inplied -
between tunctions in tne control-flow Sequence,
Are all conditions which determine tne flow direction
agescrived using the control-flow relationshlps: TRIGGERS, -
UTILIZES, CONDITION?
Are 1nitial control flows primarily functional flows? Tnat -
1s, are TRIGGERS and UTLILIZES relationships primarily used?
ls each control~-flow sequence referenced to source _
- documentation (SOUKCES) which estaplishes the need gnd
{ rationale for the control=flow seguence as we;l as resolves
any uncertainty of technical risks? '
[ —
4.,15.9 Perfora Test Analysis: BLOCK 11
Are all test points (EVENTS) identified?
~

Are source references (SOURCES) to Test Cases, lest Plans ang
Proceaures, Quality Assurance Provislons etc. ldentified for
each test case or point? ’

Are test points associated with the control tlows? That 1is,
1s every test point related to at least one PRUOCESS in the
control flow using CAUSED BY/TRIGGERS statements?

4.15.10 Prepare specification Documentgtion: Bbqgﬁ 12

Have all requirements defined during BLUCKS 3=-11 peen
incorporated Into tne appropriate specification paraqraphs as
tigures or appendlices witnout change?

Has supplemental text been restricted and conhcisely written as -
acgescrived in BLOCK 127

Has supplemental text veen revieweo to identity any contlicts
cetween the text and the system requirements detlned in BLOCKS
3=-117 Remove any conflicts in the text or reacconplisn the
analysis to resolve deficlencles, a
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4.15%.11 bertorn fraceavility Analysis: BLUCKR 13

rave SuukleS peen 3Jeflped tor 511 system requirements as
specified in the Regquirements bknyineering PiLdan BLUCK 237

have all system requiremnents «nNicCh have no source references
veen elininated? It The regulircwent has (O sources, 1t is not
4 user rejuireinent,

nave TKACc=KEYS opeen definea which show the allocated
requirements 1n otner models or specitications as required by
the Requirements tngineering vlan (BLUCK ¢)¢

+.1b Manage KRequirements Englineerinj Activities LBLUCK 151

Ine preceding olLUCKS describe tne activities to pe performea 1in
geveloping 3 1logical anodel ot system requirements. During the
modeling activities, project and technical managers often need
intormation w~nicn ~ describes (1) the status ot the modeling
activities trom week to week, (Z) the gquality of the requirements
derinition as wmalntailned In the reguirewents data base, and (3)
the size anad Jrowth of tne requirements dats basé. Most analyzer
reports aescrioed in the precediny 8LOCKS serve tnhe requirements
2ngineers in determining the consistency and completeness of the
detinition and can bpe used to document the system, There are,
nowever, several reports which are more specifically intended for
project and technical management of the regquirements engineering
accivities.

Heports which aiad monitoring the progress being made are the
Attribute Kkegort, bData Base Summary Report, and Data Base Status
keport. kacn of these reports provides statistics on the nhumoper
ot objects and relationsnips between objects 1n tne requirements
data pase, lser options in these reports allow 4 variety of
displays (counts and/or percentages) which ¢an be used from week
to #eek or over longer periods ot time to track vdrious aspects
ot the reguirements data base, For 1instance, the followxing
status ATTRISUIES can oe used by the requirements engineer to
maKke a statement about tne quality of the requirements (PRUCESS,
f.vul, QUTPLUT, etc.) in tne requlirerents aata baset

Attripoute=tiame Attribute=vValue Meaning
status ampiyg ambigious
status compl conplete
status incpl incompiete
status incst inconsistent
status redun reaunasnt
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These al(FIvygleS can be associatea with any reguirement (ovpject).
The tollowing example 1s similar to tne pertormance AlTridJltL
eXxarple shown in LblLDCK S):

PKUCESS vallidate=tlime=caords;
ATTRIBUTES ARE status incomplete;

In the above exanple, the AlTRIbUTE is not turtner descrivea
uslny the Def#INe section as wias done In BLUCK >, pecause the
naming conventlon descripned abpove for the Attribute-Names ana
Attricute=vVvaldes 1is sufficient for status monitoring purposes,

The Attribute Report and Data Base Status report display these
attributes and attrioute~=values. The project or technical
mansger can therefore see ‘the quallty (status) of the
requirements snift trom one Of poor quality (ampigious,
1incomplete, inconsistent, or redundant), as mignt be tne case in
the 1nitial stages of the analysis, to one ot high quality
(complete) as the requirements englineering activities  are
finlshed. During the requirements engineering project, the
requiremrents data base will Jradually approach "complete status"
as attributes are changed by the analysis team. Tne status
attributes not only report the prodress pelng made, but also the
guality of the reguirements themselves (ambigious, inconsistent,
reaundant) as determined oy the analyst., As the counts of eacnh
status attribute chanje over previous weeks, tne relative groatn
of the data pase becomes apparent. There are no analyzer reports
whlcn aisplay the actual physical size of tne reguirements data
tase on the computer where it is nosted or proviae intormation on
now tnuch storage remains, '

Some reports aid 1in the conflgquration management ot the
requirements data base by maintaining a nistory ot changes made.
These are List Changes, the Name-List and Formatted Problen
Statement Reports (with apgropriate options in etfect), and Data
Base Status, [Inese reports and those previously mentloned are
described 1in Appendix C and furtner descrioed 1n the Analyzer
reterences in Appenaix A. .
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APPENDIX A

SELECTED REFERENCES

L1J Automated Data systems Documentation standgrds. atandara
1935.1-5, Office of tLhe Asslstant Secretary ot Qetense, 13
Seprtemoer 197/,

l4) Military Standards Specltications Practices, MIL=-5TD-49V,
Depgrtment of Detense, Uctoper 1Ye68,

{3J DeGs Smitn, P.B. Merrithew, Kkequlrements Stanaards Study
(k55), Volumes I-1II, Rome Air vevelopment Center (RADC/1SIt)
contract No. F30002-/7=-C~u207, Lo3jicon lInc, Uctooer 1979.

L4) SAMSU CADSAT Analyslis, 5AMS0O Contract No. £U4701-77C~-000Y
(POU0Ob), Logicon Inc., 25 September 1979,

5] Program Documentation ftor Logicon Moditications and
Extensions to Computer-~Aided Uesign, Specification, and Analysis
Tool (CADSAT), Volumes 1~III, USAF/AFSC (ESD/UCT) Contract iNO.
F19628=70~C=0218, 15 April 1978, i

Loy User Requirements Analyzer (URA), user’s Manual,
H6180/Multics/Version 3.2 & Figures. ESU-TKk=74=-128, 1SDOS
Project, University of Michigan, USAF/AFSC: Electronic systems
Division (ESD/10I), Hanscom AFB, MA, March 71].

[7) User Requirements Language (URL) User®s Manual pPart 1 & 1Il,
HblB0/Multics/Version 3.2, ESD=IR=7v=127 & ESD=TR=-78-129, ISDQS
Project, University of Micnigan, USAF/AFSC: Electronic Systers
bivision (ESD/TUl), Hanscom AFB, MA, March 77.

L8} Problem Statement Language (PSL) Introduction and User’s
Manual, PSA Version 4.2, 1S00S Project, University of Michlgan,
ISDUS kef. NOo. 7742=-0143-0, mMay 1977.

l¥y) Problem Statement Analyzer (PSA) keports ana Raport Coamanids,
version A3.2, 1sD0S Project, University of Micnigyan, 1500S Ret.
NOe T/42-011d-1, Decenoa2r 1v//.

Livy Problem Statement Analyzer LPO5A) Modiflier Commanas, version
A4.2, 1SLOS Project, University of Michigan, L1SDUS Kef, NO.
/1 7142=0145~1, December 19/7.

L11) Proolem Statement Lanjuige (PSL) Ldanguagje Keterence Summary,
version Ab.,1, 15008 Project, University ot Micnigyan, 1SDuUs Ret,
No. TYAS1=01T73=-4, Septenver 19/Y,
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L1224 Proolen Statement Analyzer (PSA) Kkeports and report
Commands, Vversion Ab.1, ISvuUS Project, University of Michigan,
lovUs Ref, o, 1YAH1=0173=-3, Auqust 1979,

L(13) Problem Statement Analyzer (rSA) Modifier Commanaos, Version
AS.L, ISCUS project, University of Michigan, 1oDUS Ref. HNO.
T79AR51-0178~-3.,

L1143 D. Ross, "Structured Analysis (SA): A Language for
Communicating Ideas," IEEE Transactions on Software tngineering,
vol. 3, No. 1, January 197/.

{15} T. Demarco, Structured Analysis and System speciflcgtion,
hew YOrK: Yourdon, Inc., 19/%,

lio) G. J. Mmyers, Rellable Sottware Through Composite Design,
Petroceilli/Cnarter, wew York, 1v/5. ’

ll{J E. Yourgon and L. Constantine, Structured ULesign, New
iork: Yourdon, 1nc., 19?5.

18] M. Jdckson, Principles of Program Design, wew York, NY,
Academic Press, 1975,

t19) C. Gane and T, Sarson, Structured Systems Analysis: Tools
and rechniques, Prentice-Hall, Englewood Cliffs, N.J., 1979,

l20' Tutorial on Software Design Technigues, second eaition, IEEE
Compiiter Society, 1977.
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APPENDLIX B

SELECTED LANGUAGE FEATURES

This appendix provides a condensed list of the languaye features
which support the requirements engineering activities [BLOCKSI
described in this gqguidebook. Inh general, the language features
presented here will provide the requirements engineer witn
adequate capabllities which will make the ~ requirements
definition, analysis, and documentation process productive and
meet the objectives of the activities expressed in this
guidebook, Tnis appendix provides a quick~-reference list for
beginning users of the 1language and alds 1in 'determining the
language features to pe employed, It 1s expected that in a given
appllcation tnis set of language objects and statements witnin
the object sections will be either reduced or expanded to meet
the objectives of a specific application. Tnis list will provide
a basis for the selection process, Further detalls concerning
the language features are described 1in the language reference 3
documents avalilaple for the tool version belng usea (Appendix A).
Avallablllty of any language feature wnhich has changed or has
d peén added from one version to another is noted. 1ln addition, a
cross reference is provided between tnhe language featur= and the

T I T o rmTeNeyemsr s ae— s e s e

- BLUCKS to which they apply.
| .
: The versions are denoted by the followlng numbers used {n this
appendix:
PSL/PSA, University of Michigan (1SDOS Project), 1974,
(3.2X) 3.2 plus extensions and modifications made by Logicon

inc. for the Alr Force, 1976.

(4.2) PSL/PSA version available from the university of
Michigan (ISDOS Project), 1977-1978, )

(5.1) Most recent version of PSL/PSA avallapole from the

!' (3.2) URL/URA (CARA or CADSAT), an Ailr Force version of
E Oniversity of Michigan (ISDUS Project), 197@4;9?g.

l

|
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tne tollowing sections (o0ojects) are containea in Lhil> 3ppenalx:

SECLLIUNS

ATTRIvUTE
CUNDLLLUN
ELeMenl
ENLTLLY
EVENT
GRUUP
inpuy
livfenFACE
mrial)
UulPuT
PROCESS
SEl

CRUSS KEFERENCE

8LUCKS 5> and 1b

bLUCHK 1v
pLUCKS 7 = 9
GLUCKS 8 = 9
BLUCK 11
BLUCAS 7 = 9
BLUCAS 7 = 9
BLUCK 6
BLOCK 9
BLOCKS 7 = 9
BLOCK 3
BLUCKS 7 = 9
A
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" 1.0 SELLCTEDY LARGUAGe teAlURES COMaUN FU ALL SeCiluny (UnurClsy

AT LrloUTES ARE attribute=name-1 Attribute-value=-1, (bLUChb 5,19
(ster) . .

attrioute-namne=-n 4dttribute-valuye=n; (1)

Deo(r1lvTlUN (dgesc):?

- w - LR R T R il l R A R (Z)

-_—_-comment-entry-----—-------

SYNUNYN (Ssyn) synonym=nane(s); (3) ;

KEYWIRD (key) keyword-name(s);

i

SUURCE (src) source-identifler(s);

~ PRACE=-KEY (tkey), trace-izentifier(s);

Lot

SEr-MEMO (sm) memo-name(s);
NUTES:
(1) ATIRIBUIES tfor an object are initially identified
’ (ATIRIBUTE-NAME and ATTRIBUTE=-VALUE only) within the
section (object) to wnich they apply by use of the :
ATTRIBUTE (attr) statement, Tne ATTRIBUTE section g2.0)
provides the means ot elaborating on the ATTIRIbBUIE 4
through use of the statements such a&s desc, syn, Key,
src, tkKkey, and sm, ‘ ) J

(24) Text descriptions (comnent=entries) can be used to expand

’ upon the object wnere the syntax of the language does not
suftice. Comment-entries are free format, 72 characters
per line, maxiaum of ev lines,., Comment-entries shoula oe
limited 1in most applications since the data pase Qrows
considerabply with theilr use. Succinct comment-entries
are advised, '

(3) where requirement names (objects) in thils appendix end in

' "(s);", wore than one opbject Mmay be identifieds. Eacn
object 1s separated by a comma and the last object ends
witn a colon, '
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Lo ATTRIbUTe SECLIUON BLUCKRL B ang 15H)

AlLRIBULES are used to aetine ¢oither aspects about an oovject wnicn
cannot bpe Jone bpy other statements provided 1n the languaje.
ATLRIBUTES tor an object are initially identified (ATThIbBUTe=NANE
and ATIRIBUTE=VALUE only) witnln the section (object) to whicn
they apply by the use of tne AlTTkiBUIe (attr) sStatements 4as
indicated in 1., This sectlon proviaes the means of elaborating
on tune previousiy faentified ALLRIBUTE throudh use of any of the
statements withln tine AT1IRL8BULE section (i.,e., desc, syn, key,
src, tkey, sm); ’

lhere are two ways ATTKRIBUTES Are used 1in thls yulaepook: (1) as
one reans ot defining constralnts (8LUCK 5) ana (2) to aetine
status attributes (BLOCK 15]. Constraint and status attributes
can te detlined by using the followlng naming conventions:

Constraint Attriputes: (BLJOCK 51

Attrlpute-nName Attripbute-~Value
pf-attribute~name performance=constraint .
py=attribute=name physical=constraint ‘
op~attrioute~-name operablility~-constraint
dn=attribute=name adesign-constraint

St@tus Attributes: {(BLOCK 1:]

Attribute=-Name Attribute-value meaning

status ambig ambigious

status compl complete

status incpl incomplete

status incst lnconsistent

status redun redundant
DEFINE (def) attribute-pame ATIRIBUTE; (1)

|
desc, syn, key, src, tkey, sm |
|
'

See Section 1
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NUTE
(1) Vversions 3.2 and 4.¢ have a DEFI&E section tor descrioing
o certaln objects in ygreater deta:il. The ALTRIBUTE is one
opject in 3.2 and 4.<¢ that cdanh pe expanued upon using
tne DEFINE section as showh apove, In version 5.1 there

s no DEFINE section and the ATTRIBUTE hds pecome a new
section, Vversion 5.1 requires the DEFINe (aet) to preceed

each section, Thus "PRUCESS processin9mé;f oecomes
"DEFINE PRQCESS process~name;", [htis appenaix retlects
the format for each languaye sectlion which is

compatabile with verslons 3.2 ana 4.2; users ot version
5,1 will have to ada ”UEFINbf precealng each section
header statement,
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3. TUNDITLON SECHION IBLUCK 10U ) ]

Thls section provides tne means to detine the conaitions whlch

control tne direction of system control flow. 1he condition may

be initilally ldentilfied (conaition=name only) under tne PROCESS

section vy the use of the TRIGGERZD WHEN relationsnip. [Ine

condition section provides a means of elgborqtlng on tne

condition. In addition, tnis section allows a previously

unidentified condition whicn was omitted in the associated

process detinition to be 1loentified gnamed), gssociated with

tunctions QPRUCESS£S) and described.

CUNUITLICN (cond) condition~name (BLOCK 10}

1 l -

t{ attr, aesc, syn, Key, src, tkey, s% | ,

| I '

| See Section 1 |

R ED N RS Uy S e S E T S Ep B U Ty I OR TR GNP e T nS En M EE B Ay MW o 1

L

BLCUMING TRUE TRIGGERS (becg t trgs) process-name(s);

BLCOMING FALSE 1R1GGEKS (oecyg t trgs) process=name(s);

TRUE WHILE (t whl);

—----comment-entry-----o------;

FALSE wWHILE (t whl): @

e====comMnent~entry====cwe~cnac=; i
—
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|
i
~ 4. tLEMENT SECTION [BLUCAS 1-9]
|
ELEMENT (ele) system=intormation=-nane; LBLUCRKRS 7=9)

|
| attr, desc, syn, kxey, sSIc, tkKkey, swm
|
l

See Section 1

CONTALINED IN (cnta) { group=~} [BLOCK 9]J
{ entity-}
{ 1input~}

{ output-jname(s);

DERIVED BY (4rvd) process=-name(s); (1) (sLGCK 8]
UPDATED BY (updd) process-name(s); (1) (bLUCK b]
USED BY (uséa) process~name(s); (1)(2) (BLUCK b E
VALULS AKE (val) value-name(s) (THRU value-name(s)s; (BLOCK 8} /
NOTE :
|
- (1) See note (>) under tne PrROCELSS sectlion

(2) EMPLOYED BY (epld) in version S.1
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S, EnTITY SECL10N (BLOCKS 8-9]

eh111Y (ent) internpal-intormation-nare; (BLUCKS 6=9)

- e - P R R X K Kl adl ol ok

| [
| attr, desc, syn, key, src, tkey, sm |
I !
| see Section 1 |

- e T D n an P S N S W SN G Th G Y R T TP TS TR S TS Y TR W W W SR A W e e

PAKT OF (part) entity-name; (BLOCK S}
SUBPAKTS ARE (subp) entity-name(s); (3LoCnr 91
CuUnS1STS OF (csts) { group=} (BLUCK 9]
{element=~}namel(s);
CONTALNED IN (cntd) set-name(s); (1) (BLOCK 9
DERIVeD BY (drvd) process-name(s); (2) (BLOCK B)
UPDATED oY (updd) process=-name(s); (2) {BLOCK 8)
UsEy BY {(usea) process~namels); (2)(3) . [BLOCK vl
NOTES

(1) COLLECTED IN (cltd) in version S.1
(2) See note (5) under the PROCESS section
(3) EMPLOYED BY (epld) in version 5.1
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0. EVENT SECTION

“1

(¢LUCK 11]

EVeENl (ev) event=name;

e D e AR AP e TR D S G PR D WD SR Gy SO e W D D 4D YD D YR GV TR SR D W WS W W e

attr, desc, syn

See S

PARL UF (part) ev

, key, src, tkey,

ection 1

ent-names;

SUBPAKTLS ARE (suop) event-namegs);

CAUSED BY (csad)
ThioGERS (trgs)

- g

t

process-name(s);
process-name(sj;

sm

PAGE b3

(8LOCK

[BLOCK
{BLOCK

(BLOCK
LBLOCK

11}

111
111}

111
11}
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. GROUP SECIIUN (BLUCKS 7=9)

GRUUP (gT) system=inforwmation-name; (BLGCKS 7=91)

T P e T TP TP G RGBSR M TS G G N S R W e YW G D W e e

{
{ atetr, desc, syn, key, src, tkey, sm
|
|

See section 1

CUNSL1ISTS OF (csts) { group=} {BLOCK 9]
{element=~}nawme(s);

CUNTALNED IN antd) {entity=~} LBLOCK 9)
: { input=}

{output=~}

{ group~tname(s);
DERIVED BY (drvd) process=-name(s); (1) {BLOCK 8]
UPDATED 8Y (updd) process=name(s); (1) LBLOCK 8
USED BY (used) process=-name(s); (1)(2) (BLOCK bl
NULES

(1) See notes (5) under the PROCESS section
(2) c&MPLOYED BY (epld) in version 5.1
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Ge INPUT SECT1UN L+LOCKR 7-9)

InPul (inp) exterpal-lnforratlon=name;

attl‘, desc; Syn' Key' src, tKeY' sm

See Section 1

CUNSISTS OF (csts) { group=i¢
{elenent~}name(s);

CUNTAINED IN (cntd) set=nawe(s) (1)
FAR1 OF gpart) 1nput=-name;
SUnPAKTS ARE (subp) input-namels);

GEweRATED BY (gend) interface-name(s);
RECEIVED BY (rcva) process=namet(s);
Useu BY (used) process~name(s); (2)(3)

NOLES

(1) COLLECTED IN (clitd) in version 5.1
(2) EMPLOYED BY (epld) in version 5.1
(3) See note (5) under the PRUCESS section

PALE 6D

(BLOCK

{BLOCK

{BLOCK
[BLOCK
[BLOCK

(BLOCK
{(BLOCK

© [BLOCK

1)

1

9]

vl
9]

81
gl
8l

PR SNTOR N7 W '“

!

[
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Ye INTERFACE 5tC1I0a (BLOCK 6}

IMNIERFACE (intf) using=activity-name(s); (1)

attr, desc, syn, key, src, tkey, sm

- v com —
— | o

See Section 1

PART OF (part) using-activity-name;
SUBPARTS ARE (subp) usinq-gctlvity-namegs);

GENERATES (gens) input=-name(s);
RECLIVES (rcvs) output-name(s);

NUTE

PAGE,

LBLOCK

(BLOCK
(8LOCK

iBLOCK o,
t8LOCK 6,

0b

6

6]
6}

8J
3)

(1) The PRUCESS can also be used to represent usiny activities

in lieu ot INTERFACES, see BLOCK 6,
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10. MEMU SECTION [BLUCK 5]

The MEMO section can be used in two ways: (1) as a means of
recording analysts notes (Note Memo) , and (2) as one means of
describing system constraints: " performance, physical,
operability, and design requirements (Constraint Memo), see BLODCK
5., The name of the constraint memo ‘includes the prefixes as
indicated in note 1. ) ) )

MEMO (memo) prefix-meno-name; (1) {(BLOCK 51

)

attr, desc, syn, key, tkey, src |
' i

see Section 1 |

APPLIES TO (app) non~-memo-name; (2) ' (BLAGCK 5]

NOTES

(1) The prefix is used to distinguish the various constraints.
when the MEMO 1s being used to define a constraint the
pretixes identified below shall be applied. For note memos

the prefix 1is omitted.

o} & performance
PY™ pnysical
op- operability
dn= design

(2) where the MEMO 1s used to define a constraint, the name ot
the memo (non-memo=-name) shall be the process=-name, Tnis
iéentifles the function that is being constrained,

-~ -

v

SRRV I %
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lvb. LLLIPLY SRCTILON LBLILAS /=9

Lulrul Lout) externa1-1ntorm§t;on-name: [BLUCK

atetr, desc, syn, Key, src, tkey, sm

See Section 1

CUNDLISTS UF (csts) { Jqroup=} LBLJCK

{elenent=}name(s);
CUNWLTALNED 1w (cntcd) set-name(s); (1) (BLOCK
PAKL UF (part) output=-name; (bLOCK
SUEPAKRTS Art (supp) output-ngmegs); (BLOCK
GEMERATED BY (Jend) process—-namel(s); IBLOCK
LerivED bY (drva) process=nanels); (2) (B8LOCK
KeLelVED BY (rcvd) 1intertace-nawe(s): L8LOCK
NULES

1) CULLECTED I (cltd) in version 5.1
(2) See note (5) under the PrUCESS section

/1]

9

91

¥
9]

o)
8l
Y|
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11. PROCESS StCTION LBLUCK 3)

The PRQOCESS sectlon 1is used tOo descripe the target systen
functions. Tne followlng 1s a summary of selected PROCESS
language features which are applicaple to tne reqguirements
engineering activities 18LOCKS] descriped in this guiaepook.

PROCESS (prc) process=-nanme; (n [BLOCK 3]

attr, desc, syn, key, tkey, src, sm

see Section 1

PART OF (part) process=name; [BLOCK 4)
SUBPARTS ARE (subp) process=name(s); (BLQCK 4)
= TRIGGERS (trgs) process=-name(s) '(BLOCK 10)
TR1GGERED 'BY (trgd) process=name(s); (8LOCK 10]
TRIGGERED WHEN condition=-name BECOMES {(TRUE (2) {BLOCK 10]
) ; {FALSE; ~ ~
UTILIZES (utls) process-=name(s); (BLOCK 10}
UTILIZED BY (utld) process=-name(s); (BLOCK 10)
{ set=} (3)(5) (BLOCK 81
{ input~} ot
USES (uses) { entity-})name(s);
’ " {4 group=} =~
- {element=}
[BLOCK 8]}
(4)(5) ’
{ set=)} t ST { set=) )
{ 1input=} ( {DERIVE} { output=} ) i
USES (uses) { entity-)name(s) [ TO { } { entity-}name(s) ); ‘ .
~ { group=~} Tt {UPDATE) { 'group=-} ) ] {
]

{element=~} L " {element=~}
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_ (BLOCK #]
(5)
{ set~-) L { set-} |
{ output=: L { input=) }
DERIVES { entity-}name(s) | USING { entaty-}tnamels) I}
(drvs) { group=» L { group=} )
’ {element=} [ telement=} ]
{BLOCK B8
(9)
- { set-} { { set=} }
{ entity=} { { 1input=} )
UPDATES { group=~rname(s) I USING { ent;ty-}name(s) );
(upds) {element=} ! { group=~} 1
i ( (element~-} ]
GENERATES (gens) output-name(s): LBLOCK B8]
RECELVES (rcvs) input-namegs); LBLOCK 8
PRDQEDURE:
mmemseconmenNt-eNtry=~==rewmccan=y (6) (BLOCK 3]
k o
NOIES;
(1) Throughout this appendix the process-nawe 1s the actual
name of the function identified during sLUCK 3,
) (2) See Condition Section, 3.u.
(3) EMPLOYS (epls) 1in version 5.1, The compound tornms,
o USES=TO DERIVE and USES=TO UPDATE are petter as
agaescrived in note (5) below, ,
(4) This form is complementary to the DERIVES-USING and
i UPDATES=USING statements helow.
(5) The PSA information flow reports (Picture, Extended

(6)

Plcture) are more meaningful #hen using tne compound
PSL statements verses the simplex forms ot Just USES,
DERIVES, and UPDATES. In addition, compound forms can
be expressed under the SET, INPUT, OUTPUT, ENTITY,
GROUP, and ELEMENT sections, However, it 1s recommended
that the compound uses be restricted only to tne PROCESS
section. Therefore, compound forms have been
presenteda only in tnils PRUCESS section. '

The PROCEDUKRE statemnent 1s used ¢to descr;oe: (A) the

¥
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sequence ot operations needed to impiement the function g
(PRUCESS), e.q, Structured knglish, (b) veclslon Tables,

{C) Dectisjion Trees. PROCEDURE statements snould be
defined for tunctional primitives only, i.,e, the
tunctions at the lowest level in the functional
hierarcny. The wuse o0f comment-entries to define a
PROCEDURE should pe linited Jjust as with DESCRIPTIONS,

see note 2, Section 1.




LOGICON:

12. OET SECTION  ([(BLOCKRS 7~9]

St 1nformation=name;

See Section 1

{ [
{ attr, desc, synh, Key, src, tkey, sm i
| |
i !

SUBSET OF (sst) set=-naune(s);
SUSBETS ARE (ssts) set-names(s);

CONSISTS OF (csts) {entity=~} (1)

{ input=-}

(output-)ngmegs);
uSeED 8BY (used) process=name(s); (2)g§)
DERIVED BY (arvd) process-pame(s); (2)
UPDATED 8Y (updd) process=-name(s); (2)
NOTES

(1) COLLECTIONS OF (cltn) 1in version 5.1
(2) see note (5) under the PROCESS section
(3) EMPLOYED BY (epld) in version 5.1

PAGE

(BLGCK

[BLCCK
[BLGCK

[BLOCK

[BLOCK
(BLOCK
[BLOCK

/1

1]

91
91l

9]

81
8l
8]
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APt obLIX C ~

ABSTRACIS UF AWALYZER KEPORIS

1This appendix contailns a list of PSA reports and a brief
description of each. This llst represents a composite of reports
avallable from tne various versions of the analyzer now 1n use.
versions are denoted py the tollowling numbers adjdcent to the
report tities: o

(3.2) URL/URA, an Air Force version of PSL/PSA, University
of Micnigan (ISDOS Project), 1974.

(3.2X) 3.2 plus extensions and modirflcations made by Logicon
Inc. for the Air Force, 1976,

(4.2) PSL/PSA version avgilable from the uUniversity ot
Michigan, 1977=1978,

gs.;) PSL/PSA most recent version avallable from the
University of Micnigan, 1978=1979, ' '

1!

Some report names have been changed as new versions were
released, Many reports include new capabilities over previous
releases, The descriptions for each report provided below
encompass the most recent capabilities. Refer to the description
of the reports for the version available tor detalled
capabilities ana procedures for generating the reports, ’ -

PSA provides the capability to create and modify tne requirements
data base using vartous modifier commands as described below.
PSA also provides the capability to generate reports which aid
the requirements engineering activities [(BLOCKS] as described in
section 4 of this guidebook. where a report supports the
requirements engineering activities [BLOCKS) described in this -
quidebook, applicable BLUCKS are denoted at the endgd ot tne report
description. In the following paragraphs, upper case words are ‘
used to indicate the special PSL/PSA reserved words for objects, -~
relationships, and properties of the target systen nodel, Ffor
instance, a tunction is represented by the PSL statement PRUCESS.
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1.0 Modifier Commanas

Combine g4.2)(b.1)

Allows the requirements englneer to comnine the {nforwation
tor two obj)ects iIn the reguirements data bpase and record tne

combination as one object. A record ot thls change 15
produced 1in the form ot the Combined Names report, f(All
BLOCKS]

Change=-Type (3.2)
Change=-Name=-Type (4.2)(5.1)

Allows the requirements engineer to change the object type
defined 1in the requirements data base, & record of this
change 1is generated in the form ot the Change-Type report
(3.2) or Cnange-Name 1lype report (4.2, ang 5.1), (All
BLOCKS] '

Delete (3.2)
Dejete-Name (4.2)(5.1)

Allows the requirements engineer to delete an object name Or
list of names from the requirements data base, ahen a name
is deleted all of its relationsnhips to other ooject names 1in
the data base are also deleted, A record 0t the cnange 1s
generated in tnhe form ot the beletion report {3.2) or belete
Name report (4.2 and S,1). [All BLOCKS) .

Delgte-Comment-Entry (3.2)(4.2)(5.1)

Allows tne Tregquirements engineer to delete from the
requirements data base narrative text (comment-entries)
assoclated with an object or list of objects. A record of
the change 1s generated in the form of the beleted Comment
Entries report. [All BLOCKSJ. '

Delete-PSL §3.2)(4.2)(5.1)

Allows the reguirements engiheer to delete selected language
statements 1n the regqulrements data base, A record ot the
change 1s ger ted in the form of the DpDeleted PSL report
(3.2, 1.2) or Jelete=pPulL Source Listing anz Cross aeference
reports (5.1). (All BLOCKS)

Input~Layout (5,.,1)

Allows the requirements engineer to enter LAYUUT comment
entries 1in a forwat which can be processed by the LAYOUT
command. A column number heading is given tor Use during
input of LAYUUT comment entries., The Input Layout report 1is
generated to document the LAYOUT. (BLOCK /)
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Lhput=PolL (3.2)04.2)(5.1) -~

Allows the requirements enylneer to add requiremnents to the
requirements data base. A recorda of tne add3itions 1s
generated 1n the torm ot the As-Is Source Listlnag (3.2) or
lnoyt-PSL Source Listing and PSA Cross Keterence reports
(4.2 ana 5,1). fAll BLOCKGS!

Problem=nName (5,1)

Allows the requirements enginheer to enter the name of thea
problem/project 1into the reyquirements ddata dase in oraier
tnat the neadinys ot the PSA reports will contdin the nare
of the project. Tne troblem Name report 15 generates -c
documment the change of the project nanme, LBLUCK 15}

Puncn-Comment-tntry (3.2)(4.2)(5.1) f

Allows the requirements engineer to retrieve from tne
requlrenents aata pase only tne narrative text
(comment~entries) tor specified objects. ine retrieved
comment entries are listed un the Puanched Comrent Entries
report anda/or output to a4 host systenm file. (ALl BLOCKS]

RECWNS:~ 5% S

Renane (3.2)
Cngnge-Name (4.2)(5,.1) haud

Allows the reguirements epngineer to chance the namne of 3an
object in the requlirements data base. Tne renaTe repcrt
(3.2) or Change=nNname report (4.2 and 5.1) 1s produced &8s a
record of tne changes, LAll BLOCKS)

Replace=~Comment-eEntry (3,.,2)(4.2)(5.1)

Allows the requirements engineer to replace, tor a gilven
object name, specific narrative text (comrent=-entries)
assoclated with the object. The RKeplace Cowment Entries
report is produced as a record ot the cnhange. [All BLUCKS])

Py

Replqce-PSL (5.1)

Allows the requirements englneer the means ot replacing PSu
statements in the requtitrements data pdase. A record ot the
¢chande is recordazd in the Heplrace=-Pou o0uIdC  pusting ana
Cross kKeterence reports. (Al pLOCKS])
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2.0 keport Commands

Assertion-Consistency (3.1)
LIST FURMAT: Shows assertions made (and about) a given
obj)ect nane and the overall consistency of ATIKIoUIE values.
LBLOCK 14a)

Attribute rReport (3.2)(4.2)(5.1)

TABLE FORMAT: Shows all object names 1in the aata base to
whicn an ATTRIBUTE appllies and the assoclated ATTRIBUIc

values for the object names. Alds  management, and
completeness and consistency checking. [BLUCKS 5, 12, 14,
15) ' )

Contents Report (3.2)(4.2)(5.1)

STRUCTURED=LISTING FURMAT: Shows the hierarcny ot the aqata
structure based on CINSISES(CULLECTLUN)/Z/CONTAINED
statements., Automated consistency checking 'i1s optional.
Report snows a concise listing of the logical intormation
structures to be handled by the target system. (BLOCKG Y,
12, 14}

Consists Comparison Report (;.2)
Contents Comparlson Report (4.2)(5.1)

LIST=-MATHRIX FOKRMAT: Used to detect redundgnt or similar
data structures; used to optimize data structures, Based
on CONSISTS(COLLECTION)/CONTAINED statements. (BLOCK 141

consists Matrix Kkeport (3.2)
Contents Analysis Report (4.2)(5.1)

LIST=MATKIX FORMAT: Based on CONSlSIS(CObLECTlUN)/CONTAIN&U
statement; used to detect Incomplete or redundant data
structures, (BLOCK 14)

Vata Process Fkeport (3.2)
Data Process Interaction Report (4.2)
Data=Activity Interaction (5.1)

MATRIX FORMAT: Snows interaction between activities
(PRUCESSES/INTEKFACES) and data objects (SETS, INPUTS,
OuUTPUTS, ENTITIES, GKROUP! , ELEMENTS) ; usea to detect
incompletenesses or lnconsistencles {in data used, including
data derivation., Also can pe used 1In data-filow analysis;
used by design engineers to plan the loglic ot target systen
using the data-activity dependencies. ([BLUCK )’




LOGICON PAGE 176

Cata

D@td

Base summary (3.2)(4.2)(5.1)

TABLE tORMAT: Tecnnical and management Treporct provicini
selected presentation of progress belng made (Status) on tne
target system. Compared with previous reports; tne cnunyes
denote prodgdress, Also shows incowmplete (undetlned) opjects.
IBLOCKS 13, 15) '

Base Status §3.ZXJ

TABLE FORmMAT: Techaical and manayement report providing a
listing of reqguireanents (PROCESS and MEMU objlects) oraereo
according to the sources of tne requirements; The report
inciudes sources, the PROCESS/MEMO object name, SYNONYM, a
cross reference to the structure report, a status attribute
value (unambigious, complete, fincomplete, 1nconsistent,
redundant, or other user defined attributes) and the number
of times the PROCESS/MEMO has peen revisea, The remaining
colunns indicate counts showing the status of tne
PRUCESS/MEAD such as the numper of synonyms, descriptions,
keywords, sources, tracekeys, as well as tlow relationsnips
(triggers, wutilizes, derives, receives, etc.J). Tnis status
count is controlled by user option and the display can be
changed to satisfy monitoring needs. The report can be
compared with previous reports, the changes denote progress.
It 1s also useful in cnecking the completeness of the
analysis of existing source documentation. {BLUCKS 14, 15)

Dictionary Keport(3,2)(4.2)(5.1)

NARKATIVE & OUTLINE FOKMAT: This report presents selective
information on an object (objJect~-name, DESCRIPILION, SYNONIM,
KeYwORDS, ATTRIBUTES)? a subset ot the 1information
presented “in the Formattea Problem Statement report.
(BLOCKS 12, 14} ) T

bynanic Interaction gS.l)

MATRIZX FORMAT: OShows system sequencing and dynamic states,
that 1s, functional/control flow and events/conditlons.
similar {intormation Is presented 1in the Process-Chain
report, but this reoort provides a matrix representation and
provides completeness and consistency diagnostics. [BLOCKS
LV, LL, 14l

Element Process Analysis Report (4.2)(5.1)

TABLE & MATRLIX FORMAT: Adids analysis ot interaction ovetween
system data and PROCESSES. Designed to accompany the
tlement Process Usage keport, [(BLUCKS 8, 141
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clement ProcCess Usage report (3.2) (5.1)

TABLE & MATRIX FURMAT: Shows Interaction betseen Llowest
level data structure objlects (usually ELEMENIS) to low2st

level PrROCESSES; conslstency and compieteness checkiny
determines tnat each PKkUCLSSES interacts wltp some systemn
data. Aids 1n checking t(¢ reaunaant data structures, May

be ‘used in conjunction with the Element ¢rocess Analysis
Report. [BLOCKS d, 14]}

extended Picture Report (3.2)(4.2)(5.1)

GRAPHIC FUOR®MAT: A graphical network showiny structures for
system data or activitlies (PRUCESSES/INIERFACES) ano data
flow 1nto, within, dand out ot the target system. [B8LOCKS b6,
12, 14]

Formatted Problem Statementg;.Z)(q.Z)(b.l)

NARRATIVE & OUTLINE FIR4MAT?C vescripes an object ana its
relationsnips to all other opbjects, and otner descriptive }
entries apout the ooject. Provides a comnplete display oOf i
all 1information about a4 dJgiven oblject (1.e., 38 complete '
specification of cowputer maintained intormation on the

object), formatted in the same manner as 1t sould have been

originally entered into the data onase, See als0 Structure .
Report version 3.2X. (ALl bLUCKS] )

Frequency Report (3.2)(4.2)(5.1)

LISTIwWG FORMAT?S Presents system performance (HAPPENS
statements) relative to specitic INTEKRVALS. A&lds checking
all opjects related by trequency, understanding the various
parts of the system Wwltnhn respect to trequency, and tne
amount of input/output to be handled by the tarjet systenm,
{BLOCKS 5, 12, 14]

Function Flow Data Diagram (5.1)

GRAPHIC FODuMmAT: Pr2sents A sinygle activity (PrROCESS or
INTERFACE) centered on the rpaje with all data objects
flowing 1nato the activity on the left and all outputs
floaing fron  tpPs  acravity  un o the Siuadt. ATIRL UTe S an-
SYNUNIMO are optlonally dlsplaved. ollyntly ditterenc
presentation In the #Picture HKeport and Process Sunnary
Report. LBLOCKS 4, 14}

Identifier Information Keport (3.%)
Identifier Analysis Report (4.2)(>.1)

MATRIX FORMAT: Shows all information pased on the use ot
I1DENTIFLERS for ENTITIES, IwPUISsS, and JuIlPUTS; aias in
completeness and consistency checking. {BLUCK 14)
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Keyword In Context (kwlC) Report (3.2)(4.2)(>5.1)

LISTING FOKMAT: Presents loglcal grouping ot object na-es
and permutations of nawes 3s maintained in the data base;
used for conSistency checkind or to loCale object names wheh
only part ot the name 1s Lnown or assumed. (BLUCK 14)

Layout Report (5.1)

NARRATIVE & OUILIGE: A report snowing the layout comment
entries. I1BLOCK 14)

List Changes (4.,2)(5.1)

LIST FORMAT: Sho#s time and date of each cnange to the o3ats
base and the moditier command used; simildar 1ntormation 1s
available as an output  option with = Name=Qist ana
Formatted-Problem=Statement Heports. Usetul 1n management
ot the data pase. See also Data Base Status report revision
count. [BLOCKS 14, 15} ) )

Name=Gen (3.2)
N@me-Seleétion (3.2)(5.1)

L1IST FORMAT: This is a report command wnhich generates 4
file ot object names from tne data base using a uyser-aerinec
selection statement, Used to prepare a lilst of names to be
used as input for generation ot other reports, See cowmana
parameter aescription (lnput=Source) for most regorts, fall
BLOCKS]

Name List (3.2)(3.2X)(4.2)(5.1)

LIST FORMAT: Lists all names (ordered glphabetically o
grouped by object type) 1in the data vase along with the
designation of type, synonyms and sources (3.2X only).
Useful as a directory and provides alphabet{cal grouping
which 1s useful in checking on conventions in neming objects
such 4as the use of prefixes in the object name. (all
BLOCKS]

Picture Report (3.2)(4.2)(5.1)

GRAPHIC FURMALZ Shows @ slngle object (IklbrraCe, PROCCoO,
SET, Imeur, OUTPUT, GRUUP/SLEMENT) and 1ts immediate
structure and/or data fiow, Useful for hign level graphlcs
{snapshots) of system requirements ana can be useful 10
structured walkthroughs as a communications nedia between
analyst and tar3jet system user, Usea for completeness and
consistency checking, &See also bunction KFlow vata Diaoran,
and Process Summary heport. (sLOCKS 4, o, 8, 10, 12, 14)

>
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~— pPrint keguirements kevort (3.42X)

LIST FURMAT: A specification document sShowing systenm
tunctions (PROCESSES) and constraints presentea 1n the order
of the nierarchical structure of functions. LThe automated
specification document includes narrative text
(comment-entries) in asscclation with the tunctions and
constraints whicn they descrivpe. The report 1s used as &an
interface document between the requirements anglneer and the
target system user and/or to provide intermedlate and final
documentation (specifications) of the ~ tunctional
requirements of the system, Ihe report 1s tunctionally
equivatent to DoD §Standara 7935,1=5 ana AIL-STD=490
specitication requirements. ([BLUCK 12), ’

Process Chaln Report §3.2)§4.2)g;.1)

{ GRAPHIC FORMAT: Shows system sequencing and aynamic states;

that 1s, functionalscontrol flow and eventss/conditions., A
plctorial network of dynamic relationships opetween objects
such as FRUOCESSES, EVENTS, CUNDITIONS, INPUTS, UUTPUTS. 1The
Dynamic lnteraction Report provides similar intormation in a
! - matrix format. (BLOCKS 10, 11, 312, 14) = ) '

Process Input/dutput (3.2)
~— Process Summary (4.2)(5.1)

STRUCTURED=LIST FORMAT: Shows a list of PROCESSES fallowea
by any description of the PROCESS and INPUTS and UUTPUTS of
each process, Useful in providing a general description of
the target system PRUCESSES and d4ssoclated INPYTS and
QUTPUTS., Similar information provided py tne tunction Flow
Data viagram and Picture Report, (BLOCKS 8, 12, 14]

v Punched Comment Entries (3.2)(4.2)(5.1)

LIST, NARRATIVE & OUTLINE FORMAT; Snhows narrative
descriptions gcomment-entries) about an obj)ect; alds
completeness and consistency cnecging. {BLUCK 1@1

Relation Structure (4.2)(5.1)

TABLE & MATRIX FORMAT: Presents rdata structure intormation;
used by requirenents engineers for completeness and
consistency checkinyg of the logical dJata structure moael;
used by design engineers to derive alternate destign
structures for the target system data bases. (BLOCK 141}

Hegquirements Tracegbillty Analyzer (3.2X)
TABLE FORMAYT: This report compares one data pase to another

- by tracing requirements (oojects) £rom oné uata pbase to
another. The trace 1s performed §in botn  directions,

i
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forwards and packwards, 4ne traceapbility 1s performeag using
the TRACEXEY relationsnips 1in one date pase to an
object-nane (usually 4a source document paragraph number,
1.e., an identifier for tnhe source of the reguirement) 1n
ahother data base. Requirements wnich do not trace either
torsard or packward are listed. The main report displays
the requirement (object-name) of one data base on the left
side with tne requirement (opject-name) in the second data
base presented on the Jleftt side, Tne sources of the
requirements are also displayed, Thils report is wuseful 10
tracing regquirements from one data bpase to another.
Applications include tracing higher “level  requirements
represented in one data base model to the allocatea
requirements as represented in the second aata oase mogel,
This report 1s a concise presentation of the traceability of
regquirements and provides completeness analysis of tne
traceability of requirements from one System moael to
another. (BLOCKS 13, 14, 15]

Resource Consumption Analysis (3.2)(5.,1)

TABLE & MATRIX FORMAT: Displays resources consumed by a
PROCESSOR; used by design engineers in evolving glterngtive
designs in terms of resources used. (BLOCK 14]

Securlity Analysis Report (4.2)(5.1) )
LIST, MATRIX, NARRATIVE & OUTLINE FORMAT: Ulsp1§ys security
information about the objects; used to maintaln consistency
in defining the oojects that are of a classitled nature and
are to be factored into the aesign of in the target system,
(BLOCK ta] T

Structure Report (3.2)(3.2X)(4.2)(5.1)

STRUCTURED=LIST FORMAT: Displays hierarchiles of system
objects where the 1levels of 1indenture represent the
hlerarcnhy of the objects. Hlierarchies can be displayed to
represent system structure, system flow, dna dynamics.
Hierarchies are based on the relationships detined between
the objects such as subpart/part, consist/contained,
receives/received, etc. The report is usetul in evaluating
the consistency and coppleteness of system nierarchies.
version J.24 has user optloas whicn dliow dasoitionai
information about PRUCESSES to be displayed ilmmediately
after eacn PRUCESS 1in the report. Options '1include the
display ot data and control flow relationsnips, ana nmneno,
tracekey, and source 1ntormation. In ertect the 3.ZX
extensions compine some aspects of the Formatted Problem
Statement Report into the Structure Report, This enhances
the utitity ot the Structure Report, since “more
informational value 1s provided in a single repprt as an
option to the user. (BLOCKS 4, 5, 6, 8, 9 10, 11, 12, 14])

l(
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— Subset Analysls Report (4.,2)(5.1)

MATRLIX FORMAT: Ulsplays informatjion about oIS, such &5
nierarcnical structure tusing SUBSETS/SUBSET) and tne
interaction of SETS to other SETS along with InNPULS,
ouTPUulS, and ENTITIES which make up the SET. Alas
consistency and completeness checking of logilcal system gata
structures. (BLOCK 14) ' . '

Structure (5.1)

STRUCTURED-LIST FORMAT: Dlsplays hlerarcny ot system UflT
object as defined by the EQULVALENT stdatement. Provides
some automated completeness and consistency checking.,
[sLOCK 1%]) '

utilization Analysis Keport (4.2)(5.1)

STRUCTURED-LIST & MATRLX: Displays information about
PRUCESSES such as tne UTILIZES structure, and the
interaction pbetween PRUCESSES (via subpart, utillizes) in a
matrix format. Alds checking the consistency 4na
completeness of the PRUOCESS structure, ([BLOCKS 10, 14]

)
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AVPENDLEX D

EAAMPLE ANALYZEKR KREPUKRTS

The tollowing 11 figures nave been selected from a variety of
Logicon requirements engineering projects to illustrate some of
the reports described in tnhis gquidepook, These reports were
genereated using version 3.2X of PSL/PSA (i.e., CADSATI:
URL/URA), The figures included are as follows: ) )

Figure 1 Input~PSL As-Is Source Listing

Figure 2 Lata Base Status report (Logicon Extension)
Figure 3 Structure Report (Logicon Mod;t;go%
Figure @ Process Cn§1n keport

Figure 5 Data Process Report

Figure 6 contents Report

Figure 7 Extended Picture Report

Figure

[+ 4

Name=Gen & Formatted Problem Statement Reports
Figure 9 Requirements Traceability Report (Logicon Extension)
Figure 10 formatted Problem Statement report

Figure ;; Print Requirements Report (Logicon Extgns}on)
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